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Abstract

A significant portion of southern Africa is used for livestock production — both commercial
and subsistence. The productivity of these natural grasslands depends, to varying degrees, on
the soils and rainfall, as well as historical land management practices. Livestock farming
practices may affect rangeland productivity, depending on the stocking rate, type of livestock
and management activities. Moreover, these rangeland systems are also subject to periodic
droughts, which can result in livestock mortality. How ecosystems respond to these droughts,
and recover from these droughts, is likely to be, to an extent, affected by the previous history
of stocking. Several studies on the effects of droughts on ecological processes in rangelands
have been conducted and documented. However, the interactive effects of stocking practices
and droughts on these rangelands are still poorly understood, despite the anticipated increase
in both livestock populations and global change stressors such as droughts. Such a knowledge
gap hampers development of effective mitigation strategies in these ecosystems. This study
aims to investigate the relative impact of droughts (with reference to the 2015/2016 drought)
and stocking densities on rangelands of Lesotho, and to determine the resilience of these
ecosystems after perturbations. Such findings provide a conceptual framework for better
understanding and appropriately managing ecosystems. The study was conducted in Lesotho,
where long-term rainfall and stocking rates for different years were used to identify their
combined effects on vegetation cover. The results show that droughts had a pronounced
impact on vegetation productivity while the impacts of stocking rates were not really
significant. However, a significant relationship between the altitude and stocking rates was
observed (P= 0.032). In particular, the lowlands rangelands of Lesotho are relatively more
heavily stocked than the mountain region. Similarly, vegetation loss was more evident in the
lowlands region during drought episodes, although the mountain region showed a slower
recovery after drought. This relatively slow recovery could possibly be related to low

temperatures and shorter growing season in the mountain region.
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Chapter 1: General introduction

1.1 Understanding the problem

It is projected that by 2050, the global population will reach approximately 9.3 billion, of
which over 60 percent will be living in towns (Mandleni, 2011). Much of the population
increase is anticipated in the developing countries, with the increase in the sub-Saharan
Africa (SSA) particularly projected at 1.2 % per annum (Thornton, 2010). It is also expected
that the demand for livestock products in SSA and South Asia will have nearly doubled by
that time (Thornton et al., 2015). This being the case, livestock production must increase to
meet the globally growing demand. The challenge, however, will be on how to increase
livestock production in spite of the persistent impacts of climate change. A range of studies
have indicated that extreme events such as droughts associated with climate change have
severely affected agricultural production, with impacts expected to become more pronounced
over time (Thornton et al., 2009). For the past 30 years, climate change has reduced global
agricultural production by 1-5 % in every ten years (Thornton et al., 2015) — although due to
more intensive farming practices and genetic engineering, overall productivity has so far been

able to keep up with the demand.

While there is a growing demand for livestock products globally, rangelands in certain areas
are continuously degrading as a result of improper management (Showers, 1989; Vetter and
Bond, 2012). Poor grazing systems in the grasslands is one of the main factors ascribed to the
rapid conversion of these lands (Bodner and Robles, 2017). With increased grazing pressures,
nutritious species of grass are endangered, while soil compaction and erosion inhibit the
regrowth of fresh grass (Treydte et al., 2017). In addition, accelerated changes in climate
have aggravated pressures on these lands (Zhou et al., 2018). Research in drought-stricken
areas around the world has established that there has been loss of vegetation cover and
productivity, shifts in species, as well as the mortality of grasses in rangelands due to
droughts (Bodner and Robles, 2017).



Given that climate change impacts are likely to increase in severity for certain sectors in the
coming decades, research on the assessment of vegetation dynamics triggered by
anthropogenic factors is crucial (Zhou et al., 2018). Such research may be useful in terms of
assessing the possible mitigation strategies to climate change impacts such as droughts, and
the means for drought recovery (Bodner and Robles, 2017). A study on the seasonal impacts
of rainfall variability, grazing pressures and the recovery of rangelands is an active area of
research, which has been conducted by a number of scholars including Archer (2004),
O’Connor (1994) and O’Connor (1993). However, gaps still remain in our knowledge in this

area.

1.2 Climate change and livestock production

Despite the fact that livestock production plays a critical role in the livelihoods of many rural
communities, there is relatively limited information on the impacts of climate change on
livestock. Most studies on climate change impacts in agriculture focus more on crop
production, while there is less attention on livestock production impacts (Sirohi and
Michaelowa, 2007; Thornton et al., 2009; Nesamvuni et al., 2012).

Livestock plays a critical role in supporting the livelihoods of millions of people world-wide
(Thornton, 2010). Globally, approximately 1.3 billion people are employed in livestock
industries, while around 600 million smallholder farmers in developing countries support
their livelihoods through livestock production (Herrero et al., 2009). Currently, in developing
countries, livestock production is the most rapidly growing subsector in agricultural
production (Thornton, 2010). Particularly in Africa, this sector significantly contributes to
income generation, employment creation and food security, while it is also a source of
agricultural inputs, since it provides organic fertilizers and draught power (Gerber et al.,
2010).

Over 200 million Africans rely on livestock as their source of income through the sales of
meat, milk and skins (Hoffman and Vogel, 2008). In addition, livestock serves as bride price
payment in certain countries, while it further functions as an investment or even insurance

when dealing with risks such as droughts (Kabubo-Mariara, 2009). In Africa, it contributes



significantly to a number of countries’ GDP, contributing a range - from a minimum of 20%
in Ugandan agricultural GDP to a maximum of 88% agricultural GDP in Somalia (Gerber et
al., 2010). In the Southern African region, livestock is a major sector of the agricultural
economy, since more than 60% of the total land area in this region is not suitable for cropping
(Dzama, 2016).

Ironically, livestock contributes to climate change through the emissions of greenhouse gases
(GHGsS), generating about 18% of the GHG global emissions (FAO, 2012), and studies
indicate that climate change is responsible for substantial negative social, economic,
environmental (Ayal and Filho, 2017) and agricultural impacts in sub-Saharan Africa. There
is, as mentioned previously, a clear relationship between livestock production and rainfall
variability (Kgosikoma, 2006). Climate change affects livestock mainly in two ways; either
directly or indirectly (IFAD, 2009). Direct effects include changing rainfall patterns and high
temperatures, which induce physiological stress and spread of the prevailing vector-borne
diseases and macro animal parasites (Nkondze, 2014). Indirectly, livestock are affected by
climate change through changes in feed resources, including their quantity, quality and
temporal and spatial distribution (Rust and Rust, 2013). Rainfall variability has a significant

impact on herbaceous production (Fynn and O’Connor, 2000).

Climatic conditions are, of course, persistently changing and evolving (Mishra and Singh,
2010). According to Nkondze (2014), the Intergovernmental Panel on Climate Change
(IPCC) (2007) defines climate change as the alteration in climate conditions which can be
recognized by the variability in the climate properties that are persistent for a long time
period. Globally, climate change effects result in alterations in: temperatures, intensity,
spatial distribution and timing of precipitation, levels of atmospheric carbon-dioxide and
water availability (Lu et al., 2017; Strzepek et al., 2010). The IPCC has shown that annual
global temperatures, along with temperature extremes have increased in recent years (Davis-
Reddy and Vincent, 2017). Such warming has intensified the earth’s hydrological cycle, as
well as the mean surface temperatures (Mishra and Singh, 2010), thereby driving extreme
climate events such as floods, storms and droughts (Nkondze, 2014). It is anticipated that in
the mid-late 21% century, the tropical zone of Asia and Africa could incur substantial changes
in both the intensity and frequency of drought (Udmale et al., 2015). As a result of the

projected increase in the intensity, frequency and duration of drought in most arid and semi-



arid regions, negative drought impacts are expected to further intensify (Keshavarz et al.,
2017).

Drought is a recurrent, gradually occurring phenomenon (Hao and Singh, 2015) which is
characterized by precipitation deficiency over a long time period (Dai, 2011); accompanied
frequently by increased temperatures (Davis-Reddy and Vincent, 2017), lasting for months or
even years (Solh and van Ginkel, 2014). It is caused by a range of variables acting on
numerous time scales with diverse temporal and geographic distributions (Homdee et al.,
2016). It is generally defined based on the frequency of the occurrence, the degree of dryness
as well as the magnitude at which it occurs. If the frequency and the rate of precipitation
remain critically low for extended periods of time, drought intensifies and propagates to other
hydrological cycle components (Marcos-Garcia et al., 2017). It has significant adverse
impacts on ecological, agricultural, social, cultural and economic areas in a range of climatic
regions, more especially in rain-fed areas (Mathbout et al., 2018). For instance, between
1900-2013, it is estimated that there have been 642 drought incidences globally, which
resulted in the deaths of 12 million, over 2 billion affected, while the economic loss was
estimated at USD 135 billion (Masih et al., 2014).

As depicted in Figure 1, depending on the degree of water deficit, drought impacts can be
categorized into four types, namely meteorological, agricultural, hydrological and socio-
economic droughts (Mathbout et al., 2018). Meteorological drought is the lack of
precipitation over a wide area for a period of time, hydrological drought is a period of
inadequate surface and subsurface sources of water, agricultural drought combines the
characteristics of both hydrological and meteorological droughts that results in a decline
water resources and soil moisture which consequently leads to crop- failure, and socio-
economic drought comprises meteorological, agricultural and hydrological droughts
characteristics that result in the failure of water resources to meet population water demand
(Craft et al., 2016).
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Figure 1.1: A sequence of different drought types (Source: Zargar et al., 2011).

Periodic droughts have been a regular phenomenon in Southern African countries owing to
the region’s high rainfall variability. Rainfall records and reports indicate severe droughts in
the late 1920s, early 1930s, 1950s and again in the 1970s (Malherbe et al., 2015).
Additionally, intense and widespread droughts were also experienced during 1982-84 (Dube
and Jury, 2002), 1991-92, (Baudoin et al., 2017: Unganai and Kogan, 1998), 1997-98, 2014-
15 (Davis-Reddy and Vincent, 2017), as well as the most recent 2015/2016 EI Nifio drought
(Bahta et al., 2016). The extent of drought impacts depends on the drought intensity and the
duration (Baudoin et al., 2017). Some countries in southern Africa which are highly

dependent on primary industry are severely impacted by droughts (Belle et al., 2017).

Droughts are expected to impose pressure on natural resources (Keshavarz et al., 2017),
particularly on biodiversity, agriculture and food security, water availability and human
health (Udmale et al., 2015), of which a number of scholars consider agriculture as the most
susceptible sector (Howden et al., 2007: Nesamvuni et al., 2012) due to its high sensitivity to
climatic variability (Mohmmed et al., 2017). As mentioned previously, poor and vulnerable
rural people in developing countries are particularly susceptible to drought impacts, since
many rely on natural resources, agriculture and livestock production for survival, which are
amongst the highly sensitive sectors to climate (IFAD, 2009). In some cases, drought impacts

are exacerbated by its proximity to the previous years’ drought, such that households do not
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have an opportunity to recover. This being the case, recurrent droughts can put communities
at risk, such that their livelihoods may increasingly diminish (Keshavarz et al., 2017).

1.3 The influence of drought on vegetation productivity

In rangelands, drought effects are observed on the productivity and composition of grass. As
drought intensifies, this reduces soil water content (Heitschmidt et al., 2005), and thus less
drought resistant plants wilt, while some die off. This may eventually result in vegetation
mortality of some grasses, thus changing the composition of different grass species within the
rangelands (Illius and O'connor, 1999). Droughts thus not only result in reduced production
during the drought period, but they may also alter productivity after the drought — especially
if the composition changes from perennial to annual grasses (Vetter, 2009: Vetter and Bond,
2012). Moreover, a lower cover of perennial grasses can exacerbate soil erosion, resulting in
the overall deterioration of ecosystem capacity (Ruppert et al., 2015). However, there is also
strong evidence that under certain conditions, grass productivity and species composition can
recover very quickly — within a year — from droughts (O’Connor,1994), as the grass species
in these environments are adapted to rapid regrowth and recruitment during periods of
sufficient rain recovery of productivity. Droughts therefore can affect livestock production
significantly, but impact duration depends on the severity of the drought, and the degree to

which the grass layer was affected.

On the other hand, as mentioned earlier, drought impacts on grass communities and livestock
production can be exacerbated by poor land-use. Inappropriate grazing systems in rangelands
impose cumulative impacts on vegetation in grazing lands over the long term (lllius and
O’Connor, 1999). Intense grazing, especially during and after droughts, can impact
vegetation’s ecological processes such as net primary production, vegetation growth
dynamics as well as plant species composition (Heitschmidt et al., 2005). Such a process was
also observed by Fynn and O’Connor (2000) in their study on stocking rates effects on
vegetation production in semi-arid rangelands. Drought-affected rangelands frequently
produce less palatable grasses that are insufficient and less nutritious for livestock. When
these drought- impacted lands are poorly managed, through overstocking, for example, the

impacts further intensify, to the extent that recovery is difficult, as mentioned earlier (Dejene



et al., 2011). We therefore expect the resilience of the grassland to drought to be affected by
the stocking rate and land management activities before the drought.

Equilibrium and disequilibrium rangelands

The sustainability of grazing lands in Africa and other regions has been under a great debate
(Vetter, 2005). Studies conducted in African rangelands ecosystems have assumed that these
systems are equilibrial (stable) systems which become unstable as a result of overgrazing and
overstocking (Ellis and Swift, 1988). The equilibrium theory thus assumes that systems in
equilibrium are regulated by biotic factors between animals and their environment (Ellis and
Swift, 1988: Vetter, 2005). In this system, it is believed that livestock numbers have a great
influence on vegetation (Venter et al., 2006). However, the disequilibrium model assumes
that there is little impact of herbivores on the rangeland vegetation as their population is
controlled by abiotic factors (environmental fluctuations); thus is likely that disequilibrium
can be experienced during the prolonged drought periods or in very dry environments when
there is no vegetation production from which the herbivores can compete (Gillson and
Hoffman, 2007). Since in the disequilibrium system, climatic factor is the major driving
force, the system can be perceived as event driven than management driven. However, the
difference between the equilibrium and disequilibrium systems in some areas cannot be
distinguished as the disequilibrium systems can sometimes react like the equilibrium systems
(Venter et al., 2006)

It is therefore important to understand the basic management and reclamation principles so
that these principles can be applied correctly for sustainability in rangelands (Venter et al.,
2006). In equilibrium systems, where instability is triggered by biotic factors, stability can be
maintained by introducing disturbances which will either influence the resource or consumer
density (e.g. decreasing the stocking rates) or by introducing mechanisms which will
minimize the strength of interactions in the system (Ellis and Swift, 1988). Where
destabilization is caused by strong stochastic forces (e.g. abiotic perturbations), stability is
regained by incorporating compensatory mechanisms or through maximizing the model
ecosystems spatial scale (Ellis and Swift, 1988). According to Vetter (2005), this can be
achieved through the opportunistic stocking strategies and mobility promotion. The specific
method applied to stabilize rangeland ecosystems thus depends on what one identifies as the

significant source of ecosystem destabilization (Ellis and Swift, 1988).
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Some ecosystems are able to maintain their similar structure and not shift to a different state
and function in the face of perturbations (Chaffin and Scown, 2018). This is known as
ecological stability or ecological resilience (Linstadter et al., 2016). Sometimes disturbances,
either internal or external can exceed or weaken system resilience, thus causing the system to
shift to a different but stable state (Chaffin and Scown, 2018). Ecosystem resilience is
therefore an important factor in sustainable natural resources production and ecosystem
services in complex regimes which are faced with surprises and uncertainties (Elmqvist et al.,
2003). There are a number of methods that have emerged to measure ecosystem resilience
(Quinlan et al., 2015). Some ecological approaches are using models to measure resilience
(Holling, 1973), some emphasize statistical signals approach (Quinlan et al., 2015) while
other resilience measurement approaches have been developed in climate change adaptation
fields (Tyler and Moench, 2012). In this study, resilience was measured in terms of
vegetation adaptation to climate change.

1.4 Remote sensing for drought quantification

Drought impacts vary significantly on the environment, depending on the intensity and
frequency of drought. For awareness and preparedness, it is generally important to detect and
quantify drought. It has, however, been challenging to identify and acquire the most
appropriate sources of data to use for drought analysis. It is insufficient for one to exclusively
rely on meteorological data to relate and assess drought occurrence in various regions, since
drought frequency and intensity varies with regions (Peters et al., 2002), and the impacts are

also influenced by prior land-use activities.

Further, with regard to meteorological data, information is only collected from the weather
stations with sparse coverage. This makes it difficult to obtain information, particularly from
remote areas. This being the case, collected meteorological data may be inadequate (Wan et
al., 2004). To counteract such a challenge, remote sensing has been introduced as the
alternative source of information for identification of drought affected areas. Monitoring both
vegetation and climate through remote sensing data and weather station data is critical for

identifying and tracking the intensity and extent of drought (Malherbe et al., 2015).



Since the 1960’s, remote sensing became the essential source of aerial photographs, and has
since been developed into a significant sector, with substantial satellite data products for
measuring a variety of environmental indices (Maskova et al., 2008). The use of remotely
sensed data has a number of advantages over meteorological data, more especially when
determining the impacts of drought on vegetation (Vicente-Serrano, 2007); (a) the captured
information covers a wide area, (b) spatial density of the collected data is very high; (c) it
provides information even on areas with sparse weather stations (Peters et al., 2002) while it

also allows drought affected areas to be identified (Vicente-Serrano, 2006).

One of the commonly used remote sensing metrics for measuring vegetation productivity is
the Normalized Difference Vegetation Index (NDVI), derived from the Advanced Very High
Resolution Radiometer (AVHRR) data (Barbosa et al., 2006). This index represents the
variance between near infra-red and red reflectance which indicates the amount of green,
photosynthetically- active vegetation on the environment. High NDVI implies high
photosynthetic leaf area of the vegetation canopy captured in the ecosystem (Peters et al.,
2002). Green, actively photosynthesizing plants are characterized by high NDVI. These
green, healthy plants absorb more visible light, and also reflect a large portion of near-
infrared light whereas drought-affected plants and bare ground have both low light absorption

and near-infrared refection capacity (Tucker and Choudhury, 1987).

NDVI images which are spatially continuous and frequent enough to monitor seasonal
patterns can be acquired from a range of satellite sensors. Traditionally, NDVI is among the
first vegetation indices (VIs) to be used (Maskova et al., 2008). For the past 20+ years, the
Advanced Very High Resolution Radiometer of National Oceanic and Atmospheric
Administration (NOAA-AVHRR) derived NDVI has been globally used to analyze time-
series changes in land cover and use, but scientists may currently frequently use the
Moderate Resolution Imagery Spectroradiometer (MODIS) NDVI product, which has a
higher spatial and temporal resolution (Maskova et al., 2008). The MODIS NDVI 8-day
composite data product (MODO9A1) provides a cloud corrected NDVI value every 8 days
(Gu et al., 2008). Since images are constantly captured in MODIS, it provides a long-term
record of data, which is useful in monitoring studies (Maskova et al., 2008). It can therefore
be considered suitable for monitoring continuous phenomena such as drought. It should be
noted that it has been found that MODIS NDVI has a number of limitations, mainly due to its

low sensitivity to vegetation background canopy, as well as atmospheric variability (Rocha
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and Shaver, 2009). Partly in recognition of such limitations, the Enhanced Vegetation Index
(EVI) has been developed, which is more sensitive to vegetation background reflectance and
incorporates the concept of atmospheric resistance into the NDVI (Matsushita et al., 2007).

1.5 Livestock production in Lesotho

According to Multi-Agency Drought Assessment Team®, agriculture is critical for a large
proportion of livelihoods in Lesotho, more especially in the rural households (MDAT, 2016).
The most frequently practiced agricultural activities in the country include crop production,
fisheries, forestry as well as livestock production, with cattle, sheep and goat production
dominating in livestock (Lesotho Country Programming Framework -CPF, 2017), while most
crops grown include maize, sorghum, wheat (Maoela, 2010) and beans. Livestock production
contributes significantly to the country’s GDP (WFP, 2006). The majority of Basotho
consider livestock production as a store of wealth. For instance, in 2005, it was estimated that
out of 1.9 million population, over 170 000 people were engaged in livestock herding, with a
clear indication that this sector contributes significantly to rural development (CPF, 2017).
Production in the agricultural sector has, however, declined over the years, from 30% GDP
contribution in 1980s to less than 20% (Maoela, 2010), mainly due to the growth of other
sectors, such as mining, manufacturing and services. In recent years, this sector has failed to

keep pace with the increasing population (SAFEGE, 2012).

Notwithstanding the decline in agricultural production, livestock production remains the
dominating sub-sector in agriculture, with a contribution of 51%-61% to the agricultural GDP
from 1999-2008 (Lewis et al., 2011). The most commonly reared animals in the country
include sheep, goats and cattle, with the populations of about 1.2 million, 845 000, and 650
000 respectively, (FAO STAT, 2013). Mountain areas are characterized by high livestock
populations, with sheep and goats kept in bulk numbers, while cattle herds are kept by the
majority of households (Lewis et al., 2011). The sector plays a vital role in sustaining rural
populations’ livelihoods by providing food, income through wool, mohair and animals sales
(MDAT, 2016), organic fertilizers, draught power (Gerber et al., 2010), as well as a form of

investment. Animals are also used in traditional ceremonies such as funerals and weddings.

! MDAT: Drought impact assessment body under the coordination of Disaster Management Authority (DMA) in Lesotho.
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Lesotho is considered highly vulnerable to climate change due to its reliance on rain-fed

agriculture (Dejene et al., 2011). Research on the impacts of droughts on livestock production

is, as yet, limited in the country. It is further assumed that livestock species may respond

differently to variability in climate. This study is therefore conducted to investigate the

impacts of drought on livestock production, with the main focus on cattle, sheep and goats as

well as the rangelands response to droughts and grazing management.

1.6 Purpose of Study

1.6.1 Aim

To investigate the relative impact of the 2015/2016 drought and stocking density on forage

production in Lesotho. This research will be guided by the following objectives:

1.
2.

To determine the intensity of the 2015/2016 drought in Lesotho

To assess forage changes over the years, and compare changes in high versus low
stocking areas;

To compare low versus high altitude grasslands after a drought in high versus low

stocking areas.

1.6.3 Hypotheses

In the mountain zone, grazing lands are overstocked compared with the lowland
zones.

Drought impacts are more significant in areas that were previously degraded.

The mountain grasslands will recover slowly after drought impact, relative to the

lowlands.

1.7 Research report structure
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This study is organized as a series of chapters which address different components. Chapter 2
addresses the first objective on the weather of Lesotho, and also determines the intensity of
the 2015/2016 drought relative to other drought years. Chapter 3 presents vegetation cover
change over the period under study, and livestock stocking densities, which addresses the
second and the third objectives. The overall conclusions of the study are presented in Chapter
4,
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Chapter 2: Rainfall variability and drought characteristics in Lesotho

Abstract

Consideration of rainfall trends and drought is presented for Lesotho, which relies heavily on
rain-fed agriculture. Based on the monthly precipitation from 1985/1986 to 2016/2017
sourced at a range of rainfall stations in the country, rainfall trends were examined. The
standardized precipitation index (SPI) at three and twelve month temporal scales was also
analyzed. Analysis at both SPI scales identified different temporal and spatial distribution of
drought events, which also varied in severity. The study further shows that 12-month SPI was
less severe in comparison to 3-month SPI. Significant drought episodes that affected the
country between 1985/1986 and 2016/2017 were recognized at both scales, with the most
intense annual droughts recorded in 1991/1992 and 1994/1995, while the most intense
summer drought was recorded in 2015/2016. The spatial distribution of these drought
episodes was slightly different, although they were both widespread. The 2015/2016 summer
drought affected the entire region (100%), whereas the 1991/1992 and 1994/1995 annual
drought affected 93.4% and 90.9 % of the country respectively. However, from both seasonal
and annual SPI’s, 2015/2016 was widespread, and long-lasting. Finally, drought patterns in

different agro-ecological zones did not show any significant trends.

Keywords: Rainfall variability; Drought; Standardized precipitation index (SPI); Lesotho
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2.1 Introduction

Within the field of climate change, consideration needs to be given to climate variability,
which significantly affects freshwater variability and agricultural production (Kumar et al.,
2010). Due to climate change, rainfall characteristics, including rainfall extremes, rainfall
amount and rainfall seasonality have been altered in certain areas, thus affecting drought
characteristics (Deng et al., 2017). Predicting the effects of climate change on extreme events
is challenging in areas such as southern Africa that are intrinsically subject to high rainfall
variability (Ambrosino, 2011; Jury, 2013). Rainfall variability is measured in terms of its
inverse, the coefficient of variability or the interannual variability; whereby high variability
indicates low rainfall. Systems with high rainfall variability, with the coefficient of variation
(CV) greater that 33% experience frequent droughts and such systems are likely to show non-
equilibrium dynamics (Ellis and Gavin, 1994: Kgosikoma, 2006). High rainfall variability in
southern African region has been attributed to a range of factors, partly due to the EI Nifio
Southern Oscillation (ENSO) (Nicholson and Kim, 1997). Similarly, variability in the
regional sea surface temperature (SST) in Atlantic and Indian Oceans has influenced southern
African rainfall variability (Driver, 2014).

Although ENSO is poorly predicted at a longer time scale, it is roughly experienced after
every 2 to 7 years (Davis-Reddy and Vincent, 2017). According to Nash (2017), the effect of
ENSO on southern African precipitation has been recognized for over three decades.
Generally, ENSO affects the region when an ENSO event has stimulated fluctuations in the
SST for both the Indian and Atlantic oceans (Nash, 2017). ENSO results in a decline in
rainfall occurrences across most southern African countries, while the eastern part of the sub-
continent experiences increased rainfall intensity (Valimba et al., 2006). Previous studies
indicate that this sub-continent has experienced four significant drought events since 1980.
Droughts are, therefore, a consistent feature of southern African climate systems, although
they vary in their regional extent and their severity (Rouault and Richard, 2005). For
example, in the 20" century, a severe drought occurred in 1930s, again in the late 1950s and
in the early 1980s (Malherbe et al., 2015). Since the 1982 drought, there have been other, less
severe periods of below average rainfall (Benkenstein, 2017). The 2015/2015 drought has
been suggested to be of similar intensity to these droughts- hailed as the “worst drought in 50
years” (Benkenstein, 2017). However, the impacts of drought vary regionally, and it is not

certain if the most recent drought was the most severe to date in Lesotho.
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According to Benkenstein (2017), the El Nifio event had affected the southern African
region’s rainfall in the previous year (2014/2015) and the situation further deteriorated in
2015/2016, when the onset of summer rainfall was delayed by several months (Rembold et al
2016). After the rainy season had begun, rainfall continued to be significantly below average
across most parts of this region, with extremely high temperatures (Rembold et al., 2016).
Most areas received less than 75% of the average rainfall from October 2015 to February
2016 (Benkenstein, 2017), with the condition at peak between late November to early
December 2015 (van Zyl, 2016). Therefore much of the region experienced almost two full
growing seasons of below-average rainfall, and in some areas of the Lowveld, the drought did
not break until late in December 2016. The 2015/2016 El Nifio-attributed drought forced five
SADC countries, namely Lesotho, Swaziland, Namibia, Malawi and Zimbabwe, to declare
states of drought emergency nationally, while Mozambique and South Africa declared
drought emergencies partially (Dzama, 2016).

The 2015/2016 EI Nifio attributed drought in Lesotho

Agricultural emergencies induced by climate have become a regular feature in the Mountain
Kingdom of Lesotho (CPF, 2017). The country was among those countries critically affected
by the 2015/2016 EI Nifio related drought in the southern African region, with reports
demonstrating significantly impacted agricultural production for the season (WFP, 2016). In
Lesotho, the drought commenced in September 2015, with the October to December period
reported as the driest (Rembold et al., 2016). Due to such harsh climate conditions, most
water sources, such as dams and rivers, were depleted, and this led to severe water shortage
(WFP, 2016). According to the Disaster Management Authority (DMA, 2015), towards the
end of 2015, 15 percent of the country’s total population was already experiencing acute
water shortages. Consequently, vegetation wilted due to intensive heat coupled with low
rainfall; thus leading to stressed pasture (UN-Lesotho, 2016). According to the Food and
Agricultural Organization of the United Nations (FAO, 2016) on its drought briefing in
Lesotho, there were cases of drought-related livestock deaths in both the Senqu Valley and

lowlands regions of Lesotho.
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Despite an increasing number of studies focusing on historical climate in this area, there are
still large parts of this region where previous rainfall variability information is still limited,
including Lesotho (Nash and Grab, 2010). Although rainfall is recorded at several stations
across the country, this has never, to our knowledge, been compared or analyzed. This
chapter therefore aims at investigating the long-term rainfall pattern and the drought years in
Lesotho, with the main emphasis on the 2015/2016 drought. The intensity of this drought in
selected districts, which are located at different agro-ecological zones, was also quantified.

2.2 Materials and methods

2.2.1 Study area

The study was conducted in Lesotho, a mountainous country located in southern Africa. It
lies within the coordinates; 28°30° S to 30°40 S and 27°00 E and 29°30 E, and covers a total
land area of 30 355 km?, which is entirely landlocked by South Africa (Figure 2.1) (Fitchett
et al., 2016). In general, Lesotho is located at high altitude, ranging from 1500m to 3482m
above sea level, (UNDP-GEF, 2011). There are four agro-ecological zones namely,
mountains (regarded as the core of the rangelands and the largest zone, which covers two-
thirds of the total land area) with the altitude ranging from 2,200 to 3,482m above sea level;
the foothills (1,800 -2,200 m); lowlands (1,500 -1,800m) as well as Senqu River Valley
(SRV) (Figure 2.2). According to the Bureau of Statistics (BOS, 2012), these zones are

covered in ten administrative districts.
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Figure 2.1: The location of the rainfall records used in this analysis.
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Figure 2.2: The agro-ecological zones of Lesotho (Source: FEWS NET, 2011)
2.2.2 Climate

Lesotho’s climate is semi-arid to sub-humid, and the country experiences seasonal rainfall
(UNDP-GEF, 2011). According to Maoela (2010), the location of the country in the Karoo
basin significantly influences its climate, and there are generally four seasons;

e Summer; from November to January with temperature range between 27-30°C

e Autumn; from February to April with temperatures between 9.5 and 25°C.

e Winter; from May to July with ranges in temperatures from -10 to 12 C.

e Spring; from August to October with temperatures ranging from 11-22 C.
Summers are characterized by high temperatures and rainfall, while winters are known to be
snowy, with very low temperatures and rainfall, whereas autumn and spring are intermediate
seasons between winter and summer respectively (Olaleye et al., 2014). The recorded mean
maximum temperatures in January range between 16.5C and 30 C, whereas the monthly
mean winter temperatures can reach as low as -10C (Maoela, 2010). Extremely low
temperatures are characterized by high-pressure systems (Nash and Grab, 2010). In
particular, regions situated at an altitude > 2500 m a.s.l are typically cool, with temperatures
in summer not exceeding 16°C, while winters are extremely cold (Grundling et al., 2015).

These extreme temperatures lead to severe frost and snowfalls from May to September (Grab
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and Nash, 2010). Snowfall is common in the highlands (Ziervogel, 2004), whereas it is
occasional in the lowlands (Nash and Grab, 2010), and frost occurs across the country
(Ziervogel, 2004). In the mountains, snow falls about 8 times per year, with its depth range
between <5 to 120 cm, which is equivalent to 100 mm of rainfall on average (Grundling et
al., 2015), while in the lowlands it can fall once in 2.3 years (Grab and Nash, 2010). The
rainfall pattern of the regional lowlands of Lesotho is highly correlated to the summer rainfall
in South Africa (Maoela, 2010).

Researchers observe that the country’s precipitation, which is highly variable, both spatially
and temporally, is strongly influenced by both the cold Benguela current in the Atlantic
Ocean and the warmer Indian current in the Indian Ocean (Maoela, 2010). The overall
average rainfall is 737mm; although it varies greatly within the zones (UNDP-GEF, 2011).
The districts located in the south-western part of the country are the driest (Leipzig, 1996).
The mean annual rainfall experienced ranges from 425mm in the lowlands to 1097mm in the
Mountain region (Ziervogel, 2004). However, according to van Zinderen-Bakker and Werger
(1974), the annual rainfall in the country can exceed 1600mm, and this signifies the highest
rainfall in southern Africa — the country thus serves as a key source of water to the
surrounding arid and semi-arid regions. A distinct rainfall season (approximately 80% of the
annual rainfall) is normally experienced from October to April, with peak rainfall in
December and January, while less than 10% is experienced in the winter season (Nash and
Grab, 2010).

Lesotho is recognized as one of the most water-rich countries in sub-Saharan Africa, with
water resources contributing to approximately 8-10% gross domestic product (GDP).
Through the Lesotho Highlands Water Project (LHDA), the country supplies South Africa
with water. In spite of the country being endowed with the highest percentage of clean water
resources, drought events are, as mentioned previously, widespread (UNDP-GEF, 2011);
with the agricultural sector highly affected by climate change impacts (Huber-Lee et al.,
2016). This generally suggests that drought response measures are necessary. In previous
years, the country experienced a number of droughts with varying severity; three of them in
1983/84, 1992/94, 2006/07 (Maoela, 2010), as well as the most recent one in 2015/2016
(MDAT, 2016).
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2.2.3 Data used

2.2.3.1 Rainfall

The recorded long term daily rainfall data from eleven weather stations of Lesotho used in
this study was obtained from the Lesotho Meteorological Services (LMS). These data have
thus far had limited application in scientific research, and represent a useful resource for
climatologists and modelers. The location of these weather stations is indicated in Figure 2.1
above. This daily data was aggregated to monthly data. There was a common date range of
data used in most stations (1985 to 2017), although Mejametalana and Phuthiatsana stations
had different ranges (1987-2017 and 1993-2017 respectively). Generally, all the weather
stations had missing data, with proportions varying among the stations. For, instance,
Mejametalana station (Maseru district) had the least number of missing days, with the
average proportion of 0.03, while Phuthiatsana station in Berea district had the highest
average proportion of 0.20 (Appendix). Out of the ten districts of the country, two (Leribe
and Quthing) had significant missing weather station data (> 0.20 average proportion) hence
they were not included in this study. Because Lesotho is a summer-rainfall region all annual

rainfall calculations were done on a “rainyear” (July to June) rather than a calendar year.

Rainfall gap filling

In cases where there were less than or equal to ten missing days per month, those missing
days were replaced using the sample average method. According to Pappas et al., (2014), the
filling of sporadic value gaps can be undertaken using figures from time-adjacent
observations of the same location. From this study, the average of four observations adjacent
to the gap were calculated (i.e. (average of four observations before the gap +average of four
observations after the gap)/2). When all the short (<10 days) gaps had been filled, if a month
still had longer (>10 day) gaps, or if it was missing completely, the rainfall for that month
was filled using the average rainfall for that month over all years. This monthly gap-filling is
not ideal, as it averages out inter-annual variability. However, it is necessary to have a dataset
with no missing data to calculate most drought indices, so this was necessary. The output was

a filled monthly dataset with no missing values.
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2.2.3.2 Altitude

Information on altitude was acquired for relating rainfall variations in different stations to the
altitudes at which they are located. The altitude map for Africa was downloaded from USGS
EarthExplore (https://earthexplorer.usgs.gov), and then clipped to Lesotho’s spatial extents as
a shapefile in ArcGIS, so as to identify the zonal statistics of the country’s altitude per

district.

2.2.4 Methods

Statistical analysis of data was done using R Statistical programming software (version 3.4.0)
and Microsoft Excel. To determine the mean annual rainfall, minimum and maximum
rainfall, as well as the coefficient of variation for eight districts, rainfall data obtained from
the Lesotho Meteorological Services (LMS) for the selected years was tabulated and
organized in Excel, and then analyzed using descriptive statistics. This data was also used to
establish rainfall trends at different stations. The Standardized Precipitation Index (SPI) for 3-
month and 12-month time scales was also calculated, based on the monthly precipitation

using the Precintcon package in R.

2.2.4.1 Standardized Precipitation Index (SPI)

Drought indices are essential tools used for both drought planning and monitoring (Mathbout
et al., 2018). Although several indices have been developed (Dabanli et al., 2017), SPI is a
universal index which is recommended by the WMO (Mathbout et al., 2018). It is a drought
index which was developed by McKee et al., (1993) for meteorological drought assessment
(David and Davido, 2016). This index is widely used due to its several advantages relative to
other indices (Dabanli et al., 2017) such as; its flexibility to be used at various timescales
(Yao et al., 2018), its simplicity by using only rainfall, which allows for drought
quantification even when other hydro-meteorological parameters are unavailable, as well as
its ability to quantify drought on any timescale at any location with consistency (Dabanli et
al., 2017).
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According to Asadi Zarch et al., (2015), to calculate the SPI, a gamma probability is fitted to
long term precipitation records. The cumulative density function (CDF) of the gamma is then
transformed to a normal distribution using the equiprobable transformation (Hayes et al.,
1999). According to Khan et al., (2008), SPI can be expressed as:

_Xij—Xim

SPI
where

Xij - seasonal precipitation at the i™ rainguage station and j™ observation
Xim — long-term seasonal mean

o — standard deviation

Based on the objective of the research, SPI can be used to quantify 3-months, 6-months, 9-
months, 24 months drought (Homdee et al., 2016) or even 48-months drought (Wu et al.,
2017). For instance, SPI-3 can be used to calculate short- term droughts (seasonal) such as
agricultural droughts, which are related to soil moisture conditions (Dabanli et al., 2017),
while long-term scale SPI’s such as a 48-month SPI is suitable for long term droughts that
affect water resources (Wu et al., 2017). Negative SPI symbolizes periods of droughts, while
positive SPI denotes wet conditions (Sohoulande Djebou, 2017). A detailed procedure for
calculating SPI is provided by Shadeed (2013) and Vicente-Serrano (2006). Longer drought
indices require longer time periods in the dataset to produce accurate results. As we only had
a maximum of ~30 years of data, the 3-month and 12-month SPI’s were used to quantify
drought intensity in Lesotho at different time-scales. The classification of SPI drought

categories as presented by Wu et al., (2017) is shown in Table 2.1.

For identifying annual droughts that the country experienced, the number of weather stations
in each SPI-12 class was calculated for each year, and the severity of drought from each
station was classified based on SPI drought classification (Table 2.1). Once the identified
droughts from all the stations were classified in terms of their severity, each class was then
divided by the total number of weather stations to derive the extent of these different drought
periods across the country. To determine the summer droughts, SP1-3 was calculated for each

year for all weather stations, and the summer months (November, December and January)
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extracted for further analysis. The severity of summer drought for each year was classified
based on SPI drought classification (Table 2.1). Once the stations had been classified in terms
of the severity of summer droughts they experienced, each class was then divided by the total
number of weather stations to derive the extent of these summer droughts across the country.

Table 2.1: SPI drought categories classification

Level SPI Classification

1 SPI>0 No drought

2 -1 <SPI<0 Mild drought

3 -1.5<SPI <-1 Moderate drought

4 -2.0<SPI <-1.5 Severe drought

5 SPI<-2.0 Extreme drought
2.3 Results

2.3.1 Rainfall variability in Lesotho and the influence of altitude

The results in Table 2.2 show high rainfall variability among the weather stations. From the
results, it can be inferred that the minimum annual rainfall received varied from 268 mm in
Mohale’s Hoek to 801 mm in Oxbow station. In terms of the annual maximum rainfall
received per district, Thaba-Tseka experienced the lowest maximum rainfall (979 mm),
whereas Oxbow and Butha-Buthe stations, which are both located in Butha-Buthe district,
received the highest amount of rainfall (1573 mm and 1413 mm respectively). On average,
Mokhotlong station received the lowest mean annual rainfall (MAR) (628 mm), while
Oxbow received the highest MAR (1209 mm). The coefficient of variation (CV) varies
between stations, ranging from 16 % to 28 %. The results also indicate that areas with low

mean annual rainfall experienced high variability.

Some weather stations are situated at different altitudes, though they may be found in the
same district. It can be noted that Mokhotlong, Thaba-Tseka and Semonkong stations are
found at high altitudes (Figure 2.3). Literature indicates that Oxbow is also among the high
altitudes weather stations situated at 2630 m a.s.l. (Grundling et al., 2015). Additionally,
Mokhotlong, Butha-Buthe and Thaba-Tseka are among the districts with the highest average
altitude (2740 m, 2500 m and 2448 m respectively) (Table 2.2). Comparing rainfall
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variability with the average altitude, it can be noted that most stations located at high altitude
also experience high MAR. For instance, Butha-Buthe, Qacha’s Nek and Maseru were among
the top five districts with high MAR as well as high average altitude, except for Mokhotlong
and Thaba-Tseka, which are both located at high altitude but have the least MAR (Table 2.2).

Table 2.2: Statistical analysis of the country’s annual rainfall

Annual rainfall (mm)

Minimum Maximum Mean annual Average altitude per

District Station name rainfall rainfall rainfall CV (%) district (m)

Butha-Buthe ~ Oxbow 801 1573 1209 16 2500
Butha-Buthe  Butha-Buthe 579 1413 862 21 2500
Qacha's Nek Qacha's Nek 470 1115 819 18 2256
Maseru Moshoeshoe 1 490 1260 783 24 2056
Berea Phuthiatsana 437 1130 754 20 1910
Mohale's

Hoek Mohale's Hoek 268 1344 736 28 1937
Maseru Mejametalana 399 1103 732 25 2056
Maseru Semonkong 319 1099 699 28 2056
Mafeteng Mafeteng 388 1158 676 27 1779
Thaba-Tseka  Thaba-Tseka 416 979 637 21 2448
Mokhotlong Mokhotlong 374 1136 628 24 2740

* CV- Coefficient of Variation
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Figure 2.3: The altitudes for different weather stations in Lesotho.

Figure 2.4 represents a set of rainfall trends in different districts of Lesotho, which display
year-to-year variation in rainfall, whereby the red line indicates trend over the years. The
results clearly indicate that average rainfall has not changed in almost all the stations, except
for Butha-Buthe station, which shows a slight increase in rainfall; and Semonkong station,
which reflects a steady increase in rainfall. The simple regression analysis for Semonkong
rainfall station indicated a significant increase in rainfall over years, with the p-value of
0.0005. In most stations, the average rainfall ranges between 700 mm and 800 mm. Most of
these stations experienced above average rainfall in 1987/1988, 2000/2001 and 2009/2010
years, whereas there was a general below average rainfall in 1991/1992 to 1994/1995,
2003/2004 and 2015/2016.
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Figure 2.4: Rainfall trends for different stations in Lesotho (Oxbow, Butha-Buthe, Qacha’s
Nek, Moshoeshoe 1, Phuthiatsana, Mohale’s Hoek, Mejametalana, Semonkong, Mafeteng,

Thaba-Tseka and Mokhotlong) in the order of decreasing MAR



2.3.2 The spatial distribution of droughts in Lesotho

SPI-12

Dy —

Mﬂl\m“‘l ' Ml_u . - '
-’\-Maf&t‘erfq,.-’ LJ R A A T
. Mrmhrmmmmr‘"hv L,

22
LIl

1

2 2.2 2
e

>

2

v

1

3 1 -3
PUCLOOE DLty Lt
.2

AR b \
Ve AR AR

e s o n.h.'n'l.A;'lh fl.-.mﬁﬂn'llﬁh-.nﬂ |1|. -
'Hﬁﬁf‘hﬁ'ﬁ%hﬂ'a ey *'\'l.r"“'llf TR WYY .

1]
LI

-1.-""%'"1' Ay [ W VRNV W N
Mohale’s v

o e Y
Kﬂ*u N Ak

sty ot d Sl sl g
-’"ﬁudhuéﬁpﬁ&_ﬂ WY VT

- IrJ‘llw I"hwurﬁu.lﬂ‘lh LV | L I P
"‘ﬂac'mﬁ"s S|ueh AT

mﬂm@@ﬁr%ﬂaﬂvmv

LT
e Mﬂxblﬁ‘xﬁwu v ‘w” A |'p"|1
|
1985 1890 1895 2000 2005 2010 2015 1990 1995 2000 2005 znm 2015

SPI
1

1
LUper L deignl

1
|

Figure 2.5: Seasonal and annual drought patterns in different rainfall stations of Lesotho
(Mokhotlong, Thaba-Tseka, Mafeteng, Semonkong, Mejametalana, Mohale’s Hoek,
Phuthiatsana, Moshoeshoe 1, Qacha’s Nek, Butha-Buthe and Oxbow respectively).

Results show that negative SPI trends were recurrently experienced over the entire country
(i.e in all the stations) over the course of the 30 year time period (Figure 2.5). There is,
however, significant drought variation in different districts, although there are some
remarkably common drought periods in the entire region (e.g early 1990s drought). It can
also be noted that different scales of SPI show similar patterns of drought variation in the
long-term, even though they may demonstate some differences in the intensity and duration
of particular drought incidences. For instance, based on SPI-3, districts experienced dominant

droughts in the early 1990’s and mid 2000’s, while SPI-12 graphs not only demonstrate the
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intensity but also the magnitude of droughts experienced. From those graphs, the
predominant droughts were recorded in the early 1990’s, mid 1990’s, mid 2000s and mid
2010’s. Conversely, late 1980’s , early 2000s as well as early 2010°s were humid.
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Figure 2.6: Percentages of rainfall stations affected by a series of annual droughts (SPI1-12) in

Lesotho.

In this study, SP1-12 was used to identify the variability of annual droughts, while SPI-3 was
used to present seasonal droughts. The seasonal droughts studied in this section were
specifically summer droughts (November- January) that occurred in Lesotho, since it was
mentioned earlier that 2015/2016 was more of a summer drought in the country. Such an
approach will help in comparing the intensity and magnitude of the 2015/16 drought to other

summer droughts that the country experienced.

Percentages of weather stations affected by annual droughts (SPI-12) from 1985/1986 to
2015/2016 are presented in Figure 2.6. It can be noted that years without bars indicate non-
drought years. From the figure, widespread recurrent droughts with various severities can be
clearly identified. These droughts include the 1985/1986, 1986/1987, 2006/2007, 2015/2016,
1992/1993 and 1991/1992 events respectively. Over 50% of the region was affected by mild
drought in 1985/1986, 1986/1987, 2006/2007 and 2015/2016 years. The most severe to
extreme annual droughts (12-month SPI) were recorded in 1991/1992 (when severe to
extreme droughts affected 56.7% of the region), 1992/1993 (42.5%), 1994/1995 (54.5%),
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2006/2007 (16.7%) and 2015/2016 (20.5%). The 1991/1992 and 1994/1995 droughts were
the most intense annual droughts, although they did not cover the entire region.
Comparatively, in 2015/2016, there was no area affected by extreme droughts (0%) in this
region, while 20.5% was affected by severe droughts, 22.7% affected by moderate droughts
while 54.5% experienced mild droughts. It can thus be inferred that 2015/2016 drought was
less intense, compared to the 1991/1992 and 1994/1995 annual droughts.
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Figure 2.7: Percentages of rainfall stations affected by a series of summer droughts in

Lesotho.

Figure 2.7 illustrates the severity of the summer droughts experienced in Lesotho. From the
figure, the three most widespread summer droughts, which affected the whole country in
1990/1991, 2011/2012 and 2015/2016, are clearly illustrated. The most severe to extreme
summer droughts (3-month SPI) were recorded in 1990/1991 (when severe to extreme
summer rainfall affected 20% of the region), 1994/1995 (63.7%), 2011/2012 (27.3%) and
2015/2016 (72.7%). 2015/2016 was clearly the most intense, with 9.1%, 18.2%, 54.5% and
18.2% of the region affected by mild, moderate, severe and extreme droughts respectively.
Although the 1991/1992 and 1994/1995 droughts did not impact the entire region, they are

also identified as being amongst the most intense droughts that the country experienced.

Despite the fact that the two SPI time scales present slightly different results, they both show
that 2015/2016 was amongst the most widespread droughts in Lesotho since 1985/1986,

although there were some more intense droughts experienced (e.g. the 1994/1995 drought).
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From the above figures, 100% of the region was affected by the 2015/2016 summer drought,
while 97.7% was affected by the 2015/2016 annual drought - an indication that despite the
fact that it was not as severe as some other droughts in the last 30 years, it was long-lasting.
Table 2.3 results for SPI-3 indicate that extreme droughts were experienced in the northern
region of the country, from both rainfall stations of Butha-Buthe district. Mafeteng, Mohale’s
Hoek, Qacha’s Nek, Thaba-Tseka, Mokhotlong and part of Maseru (Moshoeshoe 1 site)
experienced severe droughts, whereas other areas of Maseru district (around Mejametalana
and Semonkong sites) experienced moderate droughts. In Berea, mild droughts were

experienced.

Based on SPI-12, severe droughts covered Butha-Buthe and parts of Maseru (adjacent to
Moshoeshoe 1 site), while areas near Mejametalana site (Maseru) and Thaba-Tseka districts
experienced moderate droughts. Mild droughts covered a larger area of the country including
Berea, Maseru (areas around Semonkong), Mafeteng, Mohale’s Hoek, as well as Qacha’s

Nek districts. Only Mokhotlong did not experience drought.

Table 2.3: 2015/2016 summer drought assessment by SPI-3 and SPI-12

Drought category

3-month 12-month
Station name District SPI SPI
Oxbow Butha-Buthe Extreme Severe
Butha-Buthe Butha-Buthe Extreme Severe
Phuthiatsana Berea Mild Mild
Mejametalana Maseru Moderate  Moderate
Moshoeshoe 1 Maseru Severe Severe
Semonkong Maseru Moderate  Mild
Mafeteng Mafeteng Severe Mild
Mohale's Hoek Mohale's Hoek Severe Mild
Qacha’s Nek Qacha’s Nek Severe Mild
Thaba-Tseka Thaba-Tseka Severe Moderate
Mokhotlong Mokhotlong Severe No drought

2.4 Discussion

Overall, the analysis shows that the 2015/2016 drought was comparable to other severe
regional droughts in the last 30 years. Historically, southern Africa experienced several

droughts with different severities. Studies indicate that the region was struck by intense
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droughts in 1980s, and also during the summers of early 1990s, which led to significant
declines in livestock and crop production (Richard et al., 2001). Moreover, these droughts
resulted in devastating impacts on water resources, the environment, industries and national

economies (Unganai and Kogan, 1998).

During the 1982-84 drought years, maize production dropped in southern Africa south of
15°S, while the whole southern region lost up to 90% of livestock during the 1982/1983
drought (Mwafulirwa, 1999). Some studies stated that the 1991/1992 drought as the worst in
more than a century, which affected most of the southern African countries, including
Lesotho (Green, 1993). Most areas in the region experienced dry conditions during this
period, receiving 20-70% of the average rainfall, while temperatures were extremely high
(Davis-Reddy and Vincent, 2017). This resulted in a tenfold decline in maize production,
with massive losses of livestock reported in Botswana, Namibia, South Africa and Zimbabwe
(Mwafulirwa, 1999). Generally, this drought period led to about 70% of the crop failure,
which resulted in 11.4 million tonnes of cereals being imported (Davis-Reddy and Vincent,
2017). Out of a regional population of approximately 130 million, 18 million people were
directly faced with starvation (Unganai and Kogan, 1998). In Zimbabwe, to counteract the
shock after the 1991/1992 drought, families had to sell their livestock (goats in particular) in
order to sustain consumption levels, despite the fact that they had reared those goats as an
investment (Benson and Clay, 1998). According to Mwafulirwa (1999), the 1992 drought in
southern Africa surpassed the 1982/1983 drought in intensity.

Based on the most recent drought reports, some scholars have identified 2015/2016 as the
most severe drought since 1930 in South Africa (Davis- Reddy and Vincent, 2017). Others
reported that the country had experienced the lowest average precipitation since 1904 during
this period, with the average of 403 mm relative to the total average rainfall of 608 mm in
other years - which was even less than that experienced during the severe drought of 1992, as
well as the dry years between 1930 and 1933 (Brink, 2016). The general cereal shortage for
2015-16 stood at 7.90 million tonnes, relative to the 3.9 million tonnes for the 2014/2015
marketing year (Davis-Reddy and Vincent, 2017). In Lesotho, the FAO report on 2015/2016
drought briefing stated that water availability and rangelands for livestock deteriorated

significantly as a result of this drought, with livestock drought- related deaths reported mainly
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in the Lowlands and Senqu River valley regions. From the interviewed communities in
Mohale’s Hoek, Quthing and Butha-Buthe districts, approximately 20% of them reported
livestock deaths, while other districts reported 5-15 % of drought-attributed livestock deaths.
The poor quality of rangelands and pastures consequently affected livestock sales as the
quality of livestock deteriorated (FAO, 2016).

Using SPI-12 to identify the annual drought series, this study reports the most extreme
drought periods since 1985/1986 to have occurred in 1990/1991, 1991/1992, 1992/1993,
1994/1995, 2006/2007 and 2015/2016. Certain of these drought episodes coincide with the
previously reported intense and widespread droughts experienced in Lesotho. For instance,
according to Maoela, (2010), in the previous years, Lesotho experienced droughts in
1983/1984, 1992-1994, as well as 2006/2007 periods, although they varied with severity.
Also, the Lesotho Meteorological Services (LMS, 2007) reported widespread below average
rainfall between 2006 and 2007, which affected the whole country.

Although other studies had reported 2015/2016 as the worst drought year experienced in
decades, in this study focused on Lesotho, 2015/2016 was not found as the most severe as
compared with other drought years- even though the summer season of 2015/2016 was the
driest summer recorded in this study. Such a finding might, it must be noted, be attributed to
the fact that the drought index used did not incorporate temperature. It is presumed that
consideration of other drought indices which use both precipitation and temperatures might
have shown different findings as compared to those observed in this study. Especially when
understanding climate change impacts, it would be important to consider rainfall and
temperature, as there are clear patterns of increasing temperatures in the region, which would
result in more extreme water stress for plants even if the reduction in rainfall was not as

severe as other years.

It is thus critical to use complementary data, such as data on vegetation greenness, to assess
the impact of this drought event. Research related to drought indices based on remote-sensing
is likely fundamental for drought early warning systems (Yao et al., 2018). To take a human

dimensions perspective, the same reduction in rainfall can be a more extreme drought event if
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their livelihoods are more negatively affected. The objective assessment of the severity of the
drought that has been performed here thus needs to be linked to information on rangeland
productivity and resilience, to assess its impact, and to inform and formulate response
strategies for future droughts.

2.5 Conclusions and recommendations

The spatio-temporal drought evolution in Lesotho was investigated using both SPI-3 and SPI-
12. It can be concluded, based on the analysis of these two indices, that drought patterns and
characteristics greatly vary in Lesotho from year to year. Although 2015/2016 was identified
as one of the most intense drought years, the results showed that there have been more
intense annual droughts experienced in the country previously. 1991-1994 was the longest
drought wheraes 2015/2016 was the driest summer drought recorded in the 1985/1986 to
2016/2017 period. The study results may be useful for developing drought monitoring plans

in the country, as well as other climatically similar regions.

Nonetheless, to advance knowledge regarding Lesotho climate, further studies using other
types of drought indices are necessary to provide concrete evidence regarding the evolution
of droughts in the country, as well as their severity and impacts. Further, it is crucial to link
such studies with ecological research for better understanding of drought severity and extent,
which could also help in the assessment of environmental response and resilience to drought
pressures. In the southern African region, there is still a challenge in terms of drought
mitigation and effective adaptation response, which may be exacerbated in the future, mainly
due to increased population in certain areas, challenges in drought risk management,
environmental degradation and increased water demand (Masih et al., 2014). As it is
anticipated that low seasonal rainfall coupled with high temperatures will be more frequent
in the SADC region in future (Archer et al., 2017: Davis-Reddy and Vincent, 2017), as well
as the entire African region (Masih et al., 2014), more integrated efforts for the
comprehensive response to climate change are thus crucial for mitigation of these anticipated

adverse droughts impacts.
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Chapter 3: The impacts of droughts and livestock grazing on vegetation
and the resilience of Lesotho rangelands

Abstract

Recurrent droughts coupled with poor stocking management impose a significant threat to
semi-arid rangelands. Studies on the influence of droughts and grazing intensity on
vegetation cover have been widely conducted and documented, yet the effects are, as yet,
poorly understood. Studies addressing this knowledge gap could provide a basis for the
development of policies and management tools which facilitate sustainable ecological and
economic development. Rangelands in Lesotho are considered degraded, thereby threatening
livestock production which heavily relies on them as well threatening the water infiltration
capacity of the Lesotho Highlands Water Project which is a significant contributor to the
country’s economy. In this study, the effects of rainfall variability and stocking rates on
vegetation cover in high versus low attitude grasslands were investigated. MODIS NDVI data
from 2001-2017 was used to determine trends in vegetation. Resilience of grasslands to
droughts and grazing stresses in different agro-ecological zones was also assessed, in terms of
the adaptation of these rangelands to such perturbations. The results suggest that lowlands
were overstocked, relative to highlands. However, grazing intensity impacts were not
detected. Vegetation was reduced significantly by persistent intensive droughts. Below
average productivity was particularly observed in 2005/2006, 2014/2015, 2015/2016 and
2016/2017, with the lowland grasslands seemingly more affected than highlands grasslands.
It was, however, evident that highland grasslands recovered relatively slowly after the
intensive 2015/2016 drought.

Keywords: Droughts; Rangelands; Stocking rates; Vegetation change; NDVI; Resilience;
Lesotho
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3.1 Introduction

The kingdom of Lesotho has a total land area of about 3 million hectares, of which roughly
60% are rangelands (Hae, 2016). These rangelands support livestock production, since
farmers rarely practice supplementary feeding (Hae, 2016). Livestock is regarded as a
valuable property which supports social well-being and wealth in Lesotho (UNDP-GEF,
2011). As the population increases, demand for livestock also increases (Zunckel, 2003).
According to the Ministry of Forestry and Land Reclamation, livestock plays a vital role on
providing milk, meat and draught power, while it is also a source of income (MFLR, 2014).
In addition, thousands of Lesotho men who previously worked in the South African mining
sector purchased livestock in numbers when they were retrenched (Zunckel, 2003).
Consequently, livestock is kept in large numbers in the country (Hae, 2016).

Research shows that livestock rearing in Lesotho has, however, posed negative impacts on
natural resources (MFLR, 2014), such as the rangelands (Zunckel, 2003). These rangelands,
which are communally grazed (Zunckel, 2003), are considered overstocked (UNDP-GEF,
2011), and this has led to overgrazing, leaving these lands vulnerable to degradation (MFLR,
2014). According to Showers (1989), degradation in the country has reportedly increased.
Further, deterioration in the conditions of grazing lands in the country is also ascribed to
recurrent droughts (MFLR, 2014). Generally, researchers across the world observe rapid
changes in major grassland biomes, which are ascribed to several driving forces such as
intensive grazing by wildlife and livestock, droughts, fire, shrub encroachment and invasion
of exotic species (Bodner and Robles, 2017). Of these driving factors, droughts and other
climate change related factors have been given more attention in many drought affected areas
in an effort to understand the challenges that these conditions impose, further impacts that
might be faced in future, as well as how well the grasslands could sustainably be managed

under such conditions (Bodner and Robles, 2017).

The impact of heavy grazing on ecosystems, however, is ecosystem specific, and depends on
the historical levels of natural herbivores in a landscape, as well as the environmental
conditions (Mack and Thompson, 1982). Some ecosystems are much more resilient to heavy

grazing than others, and can maintain high primary and secondary productivity
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(McNaughton, 1984). Other ecosystems are very sensitive, and productivity will collapse
when these are over-utilised (Bowman et al., 2007). Lesotho, being high altitude and
dominated by relatively nutrient poor tussock grasslands possibly had quite low grazer
numbers in the past (Rushworth pers comm) and the levels experienced currently are
probably far higher than the vegetation evolved with. Therefore one would expect these
systems not to be resilient to high grazer numbers.

The impacts of periodic droughts and grazing result in a significant shift in rangeland systems
(Abdullah et al., 2017). Improper grazing is identified as one of the main disturbance factors
that lead to the ecological shift due to the loss of rangelands species, changes in rangelands
functions and ultimately the ecological degradation globally (Petersen, 2004; Abdullah et al.,
2017). Pressures on natural resources as a result of the increasing human and livestock
populations, along with inappropriate land use practices exacerbate land degradation and this,
in turn, limits the capability to cope during droughts (Fereja, 2017). The vulnerability of
grazing lands to droughts in the semi-arid regions can result in significant socio-economic
losses in the environment, provided there are no mitigation and adaptation strategies

implemented (Iglesias et al., 2016).

The relationships between land management, desertification and drought have been
emphasized by the government legislations and policies although there is still a limited
understanding on drought effects on rangelands and thus people living on such areas are still
vulnerable to economic and ecological drought impacts (Vetter, 2009). As a result, this
impedes proactive and adequate predictions for developing mitigation strategies (Ruppert et
al., 2015). Nevertheless, the response of vegetation to environmental pressures depends on
the magnitude and frequency of those pressures along with the resilience of the ecosystem

disturbed (Harris et al., 2014). Some ecosystems are more resilient than others (Vetter, 2009).
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3.1.1Ecological resilience during perturbations

Resilience is commonly defined as the ability of an ecosystem to absorb pressures without
shifting to a different state (Sanchez-Pinillos et al., 2016). This ability of the ecosystem to
preserve a stable and productive state despite all the pressures is referred to as “ecological
stability” or “ecological resilience” (Linstadter et al., 2016). It was originally viewed as the
time taken by an ecosystem to recover to its steady state after a period of stress (Vetter, 2009;
Harris et al., 2014). This involves the degree at which the system is able to self-organize, and
adapt to the pressure (EImqvist et al., 2003). Resilient ecosystems can be managed very
differently from more sensitive ecosystems, and management to maintain ecosystem

resilience is very important (Standish et al., 2014).

In grassland ecology, resilient grasslands are those that are able to recover and function
sufficiently to provide fodder, despite disturbance (Abel and Langston, 2001). Certain studies
indicate that African grasslands are highly resilient, since they readily reverse to their initial
state after being subjected to intensive grazing (Harrison and Shackleton, 1999). However,
other scholars argue that semi-arid grasslands can only recover rapidly provided they are
rested from grazing for some time after severe droughts (Danckwerts and Stuart-Hill, 1988).
Additionally, the recovery of rangelands depends on grazing history, prior to drought and

during the drought period (O’Connor, 1995).

Disturbances that are part of the evolutionary history of the ecosystem normally result in
rapid recovery, whereas foreign disturbances induce severe stress, from which the systems
may take time to recover or even fail to recover but degrade continuously (Whitford et al.,
1999). Moreover, high biodiversity is thought to play a critical role in increasing resilience
during perturbations (Perrings and Walker, 1997). Ecosystems may be conservative in their
functions and organization, despite the species composition and history. Nonetheless, once
the key species are lost or new species invade the areas, such ecosystems can change

considerably (EImqvist et al., 2003).
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The measurement of ecosystem resilience following the disturbance may provide early
warning of the anticipated risks of the ecosystem degeneration to the undesirable state
(Whitford et al., 1999). It may therefore be an important factor thriving for sustainable
natural resources production and ecosystem services (Elmqvist et al.,, 2003). The most
pressing questions that could be asked on ecosystems management regarding the resilience
could be; how much pressure can an ecosystem absorb before it could shift to a different state
and if the ecosystem would be able to recover from such perturbations without any
interventions? If well assessed, resilience would then assist managers to decide whether the
impacted ecosystems would need intervention to bounce back to the pre-disturbance state or
not (Standish et al., 2014).

In recent years, research on the assessment of vegetation cover change using satellite-derived
data (remote sensing data) has increased popularity around the world (Ji and Peters, 2003;
Barbosa et al., 2006; Vicente-Serrano, 2007; Harris et al., 2014; Zhao et al., 2018). Remotely
sensed data are valuable for assessing resilience because they often large-scale, temporally
frequent measurements of vegetation condition. Combined with field data on climate patterns
and socio-economic indicators it can give an integrated picture on the dynamics of socio-
ecological ecosystems in changing climates. Knowledge on the vegetation resilience of an
ecosystem is critical so as to understand the possible climatic change or anthropogenic
impacts on the environment concerned (Harris et al., 2014). In this study, NDVI data were
used to explore the influence of stocking practices on vegetation cover under different

climate conditions.

3.2 History of the vegetation cover change in Lesotho

The Mountain Kingdom of Lesotho generally falls within the grassland biome, which is
mostly found on South Africa’s high central plateau (Taylor, 2015). Grassland biomes
provide a habitat for a diversity of grasses, shrubs, trees, associated fauna and flora (UNDP-
GEF, 2009). Information on the historical vegetation cover changes in Lesotho is lacking
(van Zinderen Bakker and Werger, 1974), although there are some records on the significant
changes in vegetation and their driving forces, documented by the European missionaries and

travellers who lived in the country during the colonial era (Hae, 2016). Historically, the
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environmental conditions and rangelands management of Lesotho can be traced from the
1700s, when the country was inhabited by the Bushmen (San people). They were hunter-
gathers who solely relied on wild plant leaves, roots, and wildlife hunting for living. Their
environmental impacts were limited, because they did not settle permanently but moved from
one place to the other (Hae, 2016). Moreover, the numbers of indigenous grazing animals in
these high-altitude grasslands were probably fairly low (Rushworth pers comm). Periodic
droughts would have been a part of this ecosystem at this time, but would probably have had
less impact on these nomadic people, who had the option of migrating away from drought-
affected areas.

Prior to the 1880’s, the Basotho had permanently settled in the lowlands, while the valleys of
the foothills were used for summer grazing (Quinlan, 1995). The Basotho occupied large
areas of the Caledon River valley, from both the west and east sites (Ntsohi et al., 2014).
During that period, there was a free movement of wildlife and livestock, although livestock
would be moved seasonally through transhumance from the lowland plains in the cold season
to unoccupied mountain pastures in summer (Ntsohi et al., 2014). According to Showers
(1989), traditional use of land in the country posed insignificant disturbance on the native
vegetation. There were a strict set of rules and policies in favor of environmental
conservation (Hae, 2016). Firstly, cutting down live trees was prohibited, unless there were
specific purposes. Only dead wood and branches were harvested once a year. Secondly,
despite the destruction of grasslands for cultivation, each field was bordered with large strips

of grassland barriers to prevent water run-off on bare soil (Showers, 1989).

After the 1880 gun war, however, the inhabitants in the west of the Caledon River were
forced to move to the mountain region where they settled permanently, thereby disrupting the
alternating use of resources between highlands and lowlands (Ntsohi et al., 2014). Despite the
fact that the inhabitants only settled in the late 1800s, in the early twentieth century, livestock
impacts on the grazing lands were pronounced and widespread (Morris, 2017). The 1880s
also mark the period when Lesotho was colonized by Britain (Hae, 2016). Upon the arrival of
the Europeans, new practices which undermined the traditional land use were introduced

(Showers, 1989). New farming systems, agricultural techniques and range management

37



activities helped initiate land degradation (Hae, 2016). Trees were cut down for carpentry,
grasslands tilled for agricultural production and shrubs harvested for fuel.

Unfortunately, trees were still scarce in Lesotho, and were only found along river banks, on
stony slopes and in ravines (Showers, 1989). The situation was exacerbated when the demand
for wheat, which was highly marketable, increased, while new crops were also introduced.
Land management guidelines received less attention and this spared grazing lands, and thus
animals were moved to marginal lands and more grassland was converted into croplands
(Hae, 2016). Consequently, the removal of shrubs, trees and their litter exposed the land to
erosion (Showers, 1989). Further, during this era, new animal species were introduced in the
country (Quinlan, 1995). In the early 1900’s, the national herd had grown and the adverse
ecological impacts were becoming apparent. This led to the introduction of grazing
management principles, such as rational grazing and stocking rates, which unfortunately had
limited impact (Quinlan, 1995). By 1938, 13% of palatable mountain grasses had been
replaced with unpalatable dwarf shrubs due to overgrazing (Morris, 2017).

Over the years, the composition of these species in the grasslands changed substantially, with
a decline in vegetation cover (UNDP-GEF, 2009). According to the Ministry of Natural
Resources, to date, Lesotho is still dominated by extensive grazing systems of communal
lands (MNR, 2000). Stocking rates are estimated to have exceeded the carrying capacity by
75% (Mpiti-Shakhane et al., 2002) to 300% (UNDP-GEF, 2011). Consequently, 25 % of
Lesotho’s rangelands are considered poor in condition, while the rest are regarded as fair
(MNR, 2000). In particular, sheep and goat populations and thus the overall stocking rates
have increased substantially in recent years, mainly since both types provide valuable income

through wool and mohair sales (Lewis et al., 2015).

The interaction of land use changes with extreme droughts was likely to cause changes in
ecosystem properties (Hae, 2016). We know that recurrent droughts have always been a part
of Lesotho’s ecology (as mentioned in the previous chapter), but they are rare events, with
limited opportunity to study their ecological effects. Moreover, the changing land use

practices — moving from transhumant livestock farming to more permanent farming, and
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increasing densities of livestock — will likely interact with the drought. Previous coping
mechanisms such as migration are no longer an option; hence people who can, will provide
supplementary feed to keep their livestock alive during a drought. The recovery of the
vegetation after droughts now in Lesotho thus, has to occur together with intense grazing
pressure, which is probably not something that it is adapted for (Walker et al., 1987).

It is thus critical to study the 2015/2016 drought — both to know its impacts to inform better
disaster management, and to help prepare for future droughts through more informed
rangeland management before, during, and after droughts.

Aim

To assess changes in NDVI over the 2015/2016 drought across Lesotho in relation to prior
stocking rates

Objectives:

1. To determine whether prior stocking rates or topography affected the vegetation

productivity during the drought.

2. To determine whether prior stocking rates or vegetation type affected the vegetation

recovery after the drought.

3.3 Materials and methods

3.3.1 Study area

The study was conducted in Lesotho; a mountainous country situated within the south-eastern
region of South Africa (Grundling et al., 2015). It is entirely landlocked by Kwazulu-Natal,
Free State and Eastern Cape provinces (Figure 3.1) and lies within the coordinates; 28°30° S
to 30°40 S and 27°00 E and 29°30 E, covering a total land area of 30 355 km? (Fitchett et al.,
2016). Lesotho is generally located at high altitude, ranging from 1500m to 3482m above sea
level (a.s.l.) (UNDP-GEF, 2011).
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Figure 3.1: Map of Lesotho with the location of weather stations

3.3.2 Topography of Lesotho

The spatial and temporal rainfall distribution in each growing season varies significantly
among the agro-ecological zones, and thus determines the suitable agricultural activities in
each zone (CPF, 2017). This suggests that each zone experiences distinct vegetation cover
change. The country is divided into four agro-ecological zones namely; Mountain region,
Lowlands, Senqu River Valley (SRV) and Foothills (Taele et al., 2007) as shown from Figure
3.2. According to the Bureau of Statistics (BOS, 2012), these zones are covered in ten

administrative districts.
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Figure 3.2: The agro-ecological zones of Lesotho (Source: FEWS NET, 2011)

The lowlands region extends from north to south (Maoela, 2010) along the north to western
edges of Lesotho (Taele et al., 2007). This zone comprises 17 % of the total land area
(Taylor, 2015). It lies between the altitudes 1400 m and 1800 m a.s.l. (Majara, 2005),
between Caledon River and the foothills of Maluti mountain range (Kobisi and Kose, 2003).
According to the Ministry of Natural Resources, northern lowlands are moist; while southern
lowlands are moderately dry (MNR, 2000). Northern lowlands have red to brown sandy
textured soils, while southern lowlands are clayey (MNR, 2000). The foothills zone is
located at an altitude ranging between 1800 m to 2200 m a.s.l. (Majara, 2005). It lies
alongside the western range of Maluti mountains, between the lowlands and highlands
regions (Kobisi and Kose, 2003) and covers 15% of the country’s land area (Taylor, 2015). It
is characterized by rich alluvial soils along the valleys while its climate is moist and sheltered
(MNR, 2000).

The Senqu River Valley constitutes 9% of the total land area (Taylor et al., 2015). It extends
into the southeastern part of the mountain region (Majara, 2005). It is characterized by dry
climate with reddish calcareous clay soils, which are not easily penetrated by rainfall (MNR,
2000). The soils in this zone vary greatly from extremely poor to rich, making SRV overall
the most unproductive zone in the country (WFP, 2006). This zone is the driest and the most

degraded in the country (Kobisi and Kose, 2003). The mountain (Maluti) region occupies
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59% (Taylor, 2015) of the central to eastern part of the country (Taele et al., 2007). It is
situated at an altitude ranging from 2200 m to 3484 m a.s.l. (Majara et al., 2005). The zone is
characterized by cold and moist climate, with a thin layer of rich black loamy soils which are
fragile (MNR, 2000).

3.3.3 Vegetation

There are three chief vegetation zones in Lesotho, namely: the Highveld, Afro-mountain and
Alti-mountain grasslands (Majara, 2005). The highveld grassland covers the lowlands as well
as the lowest region of Senqu River Valley. In this zone, plant distribution is influenced by
the form of the landscape, along with soil moisture, soil depth, soil surface rockiness, as well
as grazing intensity. The zone is primarily used for cultivation of maize and wheat, and also
for dairy farming (Majara, 2005).

The afro-mountain grassland, which is also referred to as Themeda Festuca Alpine Veld
(Kopij, 2015) lies at an altitude between 1700 m to 2500 m a.s.l., and comprises the upper
region of Senqu River Valley, a large portion of Maluti as well as the foothills (Majara,
2005). This zone has quite uniform grassland, which covers just about half of the country’s
surface area (Kopij, 2015). Precipitation experienced in this area ranges between 575 mm to
1000 mm, and snow is common in winter (Kopij, 2015). The biome has a variety of plant
communities which create a number of habitats (Majara, 2005). Vegetation in this grassland

is predominantly used for grazing (Kopij, 2015).

The alti-mountain or afro-alpine grassland is situated in the upper region of treeless alpine
mountain (Majara, 2005), just over 2500 m to 3484 m a.s.l (Kopij, 2015). This grassland zone
is situated at very high altitudes, where temperatures are extremely low (Majara, 2005). High
annual rainfall (over 1000 mm) is typical, with frequent frost occurrence and snow all year
round, while temperatures in winter may reach -20°C (Kopij, 2015). The zone is a significant
water catchment area, which is also utilized predominantly for livestock grazing (Majara,
2005).Vegetation in this biome is composed mainly of ericoid shrubs and tussock grass
(Kopij, 2015). Generally, in these three grassland zones, there are small patches of forests,
woodlands and wetlands. However, these grasslands have been extensively transformed by
recent land uses such as livestock grazing, with large parts converted into cultivation areas
(Majara, 2005).
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3.3.4 Socio-economic conditions of Lesotho

The foothills and the lowlands are the most densely populated zones, with about 70% of the
population, while the remaining 30% occupies the Senqu River Valley and the mountain
regions (CPF, 2017). Most of the economic activities are confined to the Senqu river valley,
foothills and lowlands regions, whilst the mountainous region is more ideal for water
resource development, grazing as well as mining (Taele et al., 2007). Diamonds and water
are the only important natural resources in the country (Taylor, 2015). The mountainous
region was once used for transhumance, although it is now sparsely populated with
permanent residents and provides the grazing land to the majority of the country’s livestock,
especially during summer season (Bisaro et al., 2010) while the western lowlands are
intensively used for cultivation (Taylor, 2015).

Despite the increase in urbanization, agriculture still plays a vital role in the livelihoods of the
country’s population (Ziervogel, 2004). Approximately 50% of the population relies on
agriculture as a primary source of income (Taylor, 2015) through livestock farming and
subsistence agriculture (Bisaro et al., 2010). The contribution of agricultural sector thus
remains critical in determining the socio-economic state of the country (MNR, 2000).
Livestock farming remains a significant source of income in rural areas, with goats, sheep

and cattle providing more or less the same importance (WFP, 2006).

Initially, agriculture was the most significant contributor to the country’s GDP (Obioha,
2010). However, in recent times, agricultural production is low and continues to decline,
mostly due to changes in climate (Huber-Lee et al., 2016), coupled with the mountainous
topography of the country, severe soil erosion as well as limited arable land (MNR, 2000). In
particular, drought prevalence in the 1990’s as well as early 21% century considerably
affected the sector’s contribution to GDP (Obioha, 2010). Climate has therefore been
intricately related to the increasing poverty in the country (MNR, 2000).

Apart from agriculture, remittances play a vital role in the country’s economy (Nalane et al.,

2012). Lesotho is categorized under countries that depend heavily on migrant remittances in
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the world (Crush et al., 2010) with the remittance inflows contributing massively to foreign
exchange, accounting for 44% of the GDP in 2006 , to 17% in 2014 (Truen et al., 2016).
South Africa has been the backbone of Lesotho remittances, particularly through mining
industry, where a large number of Basotho men are employed, although these numbers have
decreased dramatically in recent years, from almost 65 000 in 2000 to only 27948 in 2015
(Truen et al., 2016). Since the 1990’s the migration patterns from Lesotho to South Africa
have changed, with decreasing opportunities for male workers while the number of female
migrants has increased, of which half of them are domestic workers, and the rest working in
informal sectors, self-employed businesses, commercial farm-work, skilled manual work as
well as professionals (Crush et al., 2010). In most of the households, remittances are the only
source of income (Nalane et al., 2012). Most households living without these migrant
remittances are worse off, compared to those that have access to them (Crush et al., 2010:
Nalane et al., 2012).

3.3.5 Data used

3.3.5.1 Livestock data

Livestock data for cattle, sheep and goats populations from the ten districts of Lesotho for the
years 2009/2010, 2011/2012, 2012/2013 and 2015/2016 was solicited from the Lesotho
Bureau of Statistics (BOS). Only certain years were chosen for analysis, since the livestock
data was fragmented. The data were available in report format and were transposed into a
database and stocking rates calculated (LSU/ ha). These stocking rates were then compared

among the different districts in the country.

3.3.5.2 Remote sensing data

NDVI data served as the key indicator of land cover change in this study. The 8 day
composited products of MODIS (MODQ9A) surface reflectance NDVI images of 1 km
resolution from 2001-2017 were used in this study to analyze the impact of drought on
vegetation in the country. They were obtained from the Council for Scientific and Industrial
Research (CSIR) in Pretoria. These images were spatially continuous, fairly cloud-free, with

sufficient temporal resolution to analyze vegetation dynamics. Unfortunately the data
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provided did not cover some of the districts on the southern region of the country (part of
Mohale’s Hoek and Qacha’s Nek districts as well as the entire Quthing district).

3.3.5.3 Alltitude

Topographical data was acquired to test any correlation between NDVI and altitude in
different districts of Lesotho. The altitude map from the digital elevation model (DEM) for
Africa was downloaded from USGS EarthExplore (https://earthexplorer.usgs.gov), and then
clipped to Lesotho’s spatial extents as a shapefile in ArcGIS, so as to identify the zonal

statistics of the country’s altitude per district.

3.3.6 Methods

3.3.6.1 Analysis of Livestock data

Changes in livestock populations

The livestock populations for cattle, sheep and goats were presented on bar charts to
determine the distribution of livestock in different districts. Livestock populations were then

plotted using line graphs to identify their trends in different years.

Stocking rates calculation

In rangelands, prior knowledge of stocking rates is essential for investigating grazing impacts
on vegetation cover (Green et al., 2016). From this study, the analyzed stocking rates were
for the years; 2009/2010, 2011/2012, 2012/2013 and 2015/2016. It was assumed that all the
animals were confined within the boundaries of their districts’ grazing areas. All the districts
in the country were analyzed in this study. Livestock populations were then converted to
large stock units (LSU) so as to aggregate cattle, sheep and goats populations to a
standardized value. The conversion factors used were 0.17 for small stock (sheep and goats)
and 0.8 for cattle (Vetter and Bond, 2012). There were no specific weights for the recorded

livestock, so it was assumed that all the animals’ live body weight was equivalent to the
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conversion factor for each species. For instance, to convert cattle populations to LSU, a total
number of cattle in each district was multiplied by 0.8, while for small stock, it was
multiplied by 0.17.

Stocking rates were calculated as the total number of livestock from each district per a given
grazing area. In determining the grazing area in each district, the layer for land cover map of
Lesotho (with a resolution of 30m by 30m) was downloaded from RCMRD GeoPortal
(http://geoportal.rcmrd.org/layers/servir%3Alesotho_sentinel2_lulc2016), and its zonal
statistics presented on ArcMap in ArcGIS software. From the information, built-up areas,
open water and bare areas were subtracted from the total area of each district. However,
woodlands and croplands were included as part of the grazing areas, since animals do graze
in these areas. In Lesotho, during the growing season, animals are excluded from cultivated

areas but after harvesting in winter, they are seen in numbers in the fields, feeding on stover.

After identifying the grazing areas in all these districts, stocking rates (LSU/ha) were then
calculated as the large stock unit (LSU cattle + LSU sheep +LSU goats) in each district /
grazing area (ha). The calculated stocking rates were then presented on the maps using
ArcMap in ArcGIS, so as to demonstrate the variability of these stocking rates across districts

in different years.

3.3.6.2 NDVI analysis

Annual NDVI maps were calculated from the 8-days composite NDVI images using raster
and rgdal package in R. To derive these annual NDVI images, 8-days composite images from
July to June (rainfall year) images were summed up. A rainfall year for NDVI analysis was
used, so that the results could correspond with rainfall analysis from the previous chapter.
From 2001-2017, 16 annual NDVI images were generated. Those 16 images were then
averaged to create the mean NDVI image over the 16 years. From each of those 16 images,
the NDVI value for each annual image was subtracted from the mean NDVI value to assess
whether vegetation greenness in that year was higher or lower than average. This allowed for
the comparison of areas with lower productivity with those of higher productivity on a

common measure (difference from the mean).
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3.3.6.3 Altitude vs. NDVI analysis

To determine the relationship between altitude and NDVI from different districts, the NDVI
difference maps for 2015/2016 and 2016/2017 were extracted using R. Built-up areas, open
water, bare areas and croplands were then deducted from the total land area in each district.
The zonal statistics from each map were then extracted to obtain the median difference of
NDVI by district. Thereafter, the extracted NDVI values in each year were regressed against
the altitude to examine if there is any correlation between the two in different districts during
drought (2015/2016) or after drought (2016/2017). However, Mohale’s Hoek, Quthing and
Qacha’s Nek were excluded from this analysis because their NDVI information was either

incomplete or completely not covered.

3.3.6.4 Stocking rates vs. NDVI analysis

To investigate the influence of stocking rates on vegetation during and after drought, maps
showing the NDVI difference for 2015/2016 drought year and 2016/2017 (after drought)
were extracted from R. Built-up areas, open water, bare areas and croplands were then
deducted from the total land area in each district. The zonal statistics from each map was then
extracted to obtain the median difference of NDVI by district. Thereafter, a regression
analysis was conducted whereby these extracted values of differences in NDVI per district
were plotted against the 2012/13 stocking rates to determine the influence of heavy stocking
on vegetation cover during and after drought. Due to the limited livestock data, the latest pre-
drought livestock data (which was 2012/13 in this case), was used for both analyses. Because
the livestock data was at the scale of district, a lot of the spatial variability in the NDVI

dataset had to average and also work at a district level.
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3.4 Results

3.4.1 Livestock populations in Lesotho

The distribution of cattle, sheep and goats in Lesotho for the years, 2009/2010, 2011/2012,
2012/2013 and 2015/2016 is presented in Figure 3.3. It is observed from the figure that
generally, sheep populations were notably higher than other species, followed by goats and,
finally, cattle. In 2009/2010, Thaba-Tseka had the highest number of sheep, followed by
Maseru and then Mohale’s Hoek, while Berea had the lowest population. The highest number
of goats was observed in Maseru, Mohale’s Hoek and Thaba-Tseka respectively, while Berea
had the lowest number.

Although the cattle population was relatively low in the country, Maseru, Leribe and Berea
districts had higher numbers of cattle, while low cattle population was observed in Quthing.
In 2011/2012, the sheep population increased significantly in Mokhotlong, Maseru and
Leribe districts. There was a slight increase in goat numbers, while cattle population was
largely stable. In the following year (2012/2013), goats’ numbers then increased substantially
in Maseru district, while there were slight changes with other livestock species in other
districts. From 2012/2013 to the 2015/2016 drought year, the sheep population had increased
in most of the districts, although there was a significant decrease in Mokhotlong and Maseru.
Goat numbers also decreased substantially in Maseru, while there was no significant change
in cattle numbers. It can be noted that the effects of the drought are not yet apparent in the
2015/2016 livestock data.
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Figure 3.3: Livestock population in Lesotho

3.4.2 Livestock population trends

Figure 3.4 (a) portrays changes in the distribution of cattle, sheep and goats for different
years in the country (all districts combined). Generally, cattle and goats show a decreasing
livestock trend in recent years, while there is a slight increase in sheep production. From
2009/2010 to 2011/2012, the cattle herd decreased by 9.4% and decreased further by 3.4% in
the following year (2012/2013). Between 2012/2013 and 2015/2016, there was a further
decline of cattle stock by 9.9%. In sheep production, there was a significant increase in the
population between 2009/2010 and 2011/2012 (+26%). The population then declined by
9.4% between 2011/2012 and 2012/2013. However, between 2012/2013 and 2015/2016,
there was a slight increase in sheep population (+1.6%). The goat population also increases
between 2009/2010 and 2011/2012 (+7.8%). The population then declined dramatically in the
following year (11.1%). From 2012/2013 to 2015/2016, goats population further decreased
by 16.5%.
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Figure 3.4: Livestock populations for: (a) different livestock types and (b) total livestock in
2009/2010, 2011/2012, 2012/2013 and 2015/2016.

Based on the combined populations for cattle, sheep and goats (Figure 3.4 b); there was a
sharp increase in livestock between 2009/2010 and 2011/2012 (+12.3%). These populations,
however, declined significantly from 2011/2012 to 2012/2013 (- 8.8%), which declined
further by 6.1% between 2012/2013 and 2015/2016 period.

3.4.3 Stocking rates in Lesotho

Figure 3.5 demonstrates changes in stocking rates for the years 2009/2010, 2011/2012,
2012/2013 and 2015/2016. From the figure, it may be inferred that stocking rates varied from
one district to the other in different years. Generally, districts in the lowlands region (from
north, along the western edges to southern region) were more heavily stocked than the
highlands region (located at the eastern region). In 2009/2010, stocking rates at part of Senqu
River Valley (SRV) and the lowlands (Butha-Buthe, Leribe, Berea, Maseru, Mafeteng and
Mohale’s Hoek) ranged from 0.3- 0.4 LSU/ha, while at the other region of SRV and the
highlands, they ranged from 0.2-0.3 LSU/ha. Berea and Mafeteng were the most heavily
stocked districts, while Quthing, Mokhotlong and Thaba-Tseka were the least heavily stocked
districts. Further, in 2011/2012, Leribe, Berea and Maseru were the most heavily stocked
districts, with the stocking rates ranging from 0.4-0.5 LSU/ha, whereas Quthing, Mokhotlong
and Thaba-Tseka were least heavily stocked, with 0.2 LSU/ ha. The most heavily stocked
districts in 2012/2013 were Berea and Maseru, while Butha-Buthe, Quthing, Qacha’s Nek,

Mokhotlong and Thaba-Tseka were relatively less stocked. Berea was still identified as the
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most heavily stocked region in 2015/2016, whereas
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Figure 3.5: Stocking rates at different districts of Lesotho in four different years

Based on the overall stocking rates in the country in different years, the results suggest that
stocking intensity has been constant between 2009/2010 and 2015/2016. In 2009/2010,

2 N.B: High values mean high stocking rates
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theoverall stocking intensity in the country was around 0.3 LSU/ha, and the same value was
obtained in the subsequent years (2011/2012, 2012/2013 and 2015/2016).

3.4.4 VVegetation cover change in 2001-2017 and its resilience to drought pressure

The examination of the NDVI series from 2001- 2017 showed changes in vegetation cover
patterns in different years (Figure 3.6). Green shadings (with high values) denote areas with
dense vegetation cover, while yellow to peach shadings with low values indicate areas with
low vegetation cover. From 2001/2002 to 2003/2004, dense vegetation dominated the
landscape, more especially from the north to the central region of the country. In contrast,
there was relatively lower vegetation cover in 2004/2005, particularly towards the south in
the western edges of the country, which intensified in the following year (2005/2006).
However, in 2006/2007, vegetation cover slightly recovered, although there were still some
visible yellow to peach patches which gradually recovered in the following years (2007/2008-

2012/2013). Nonetheless, in 2013/2014, vegetation cover slightly reduced and this reduction
progressively intensified in the subsequent years until 2016/2017. From the figure, it can be
inferred that 2015/2016 was the most unproductive year, though vegetation in 2014/2015 and
2016/2017 years was also notably low. It can be noted that in thus study, no species
composition was collected so the “replacement” vegetation may just be inedible forbs and

annual, wiry grasses (which is often the case in degraded lands and after periods of drought).

The difference from the mean for each year from 2001-2017 is presented in Figure 3.7 to
demonstrate the resilience of vegetation after pressures. Regions with zero or positive values
indicate that the vegetation was less affected by drought, whereas regions with very low
difference values were heavily affected by drought. The resilience of different vegetation
types in Lesotho is indicated by how quickly they recovered to mean values of NDVI after
the drought. During the first three years (2001/2002-2003/2004), vegetation in the country
was intact (not affected by droughts). However, after a slight decline in vegetation was
observed in 2004/2005, more especially at the western edges of the southern lowlands, it
failed to recover in 2005/2006 but further deteriorated.
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While some regions were able to recover in 2006/2007, vegetation failed to “bounce back” in
most areas, as patches of negative NDVI difference values were still dominating. In the
subsequent years (2007/2008-2012/2013), vegetation in most areas had fully recovered. In
2013/2014, a slight decline was observed and it gradually intensified in the following years
(2014/2015-2016/2017). Even after drought (i.e 2016/2017), vegetation in Lesotho failed to
recover, as the region was still characterised by low vegetation cover. Generally, throughout
the years of study (2001-2017), it was noted that the western edges of the southern lowlands

were less vegetated relative to other regions.
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Figure 3.6: Annual (July-June) NDVI trends from 2001-2017 and the rainfall in Lesotho
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Figure 3.7: The difference from the mean value each year of a 2001-2017 mean NDVI

dataset in Lesotho and the rainfall.

3.4.5 The impact of altitude on vegetation cover change

The results on Figure 3.8 present the relationship between altitude and vegetation change
during and after drought. In 2015/2016, the influence of altitude was insignificant (F=2.139,
P=0.203). The model on this regression explained only 30% of variation in the data (R*=
0.30), an indication that the model was not good. Inversely, the effect of altitude on
vegetation cover after the drought year was marginally significant (F=5.903, P=0.059), while
54% (R?=0.54) of the variation in the data was explained by the model. From the normal Q-Q
plots on both figures (Figures 3.9 and 3.10); the data did not follow a normal distribution.
Further, on the residuals vs. leverages plots, there were several influential observations
(outliers beyond Cook’s distance), which affected both regression lines. Nonetheless, the
overall pattern showed that low altitude areas (Mafeteng, Berea and Maseru) had large NDVI
differences during the 2015/2016 drought, while high altitude areas (Thaba-Tseka and
Mokhotlong) had relatively small NDVI differences. Conversely, after drought (2016/2017),
low altitude areas (Mafeteng and Maseru) had low NDVI differences whereas high altitude

areas had large NDVI differences (Butha-Buthe, Thaba-Tseka and Mokhotlong respectively)
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i.e. low altitude areas were more affected during the drought, but high altitude areas were

slower to recover.

Altitude vs NDVI difference in 2015-2016 Altitude vs NDVI difference in 2016-2017
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Figure 3.8: The relationship between altitude and vegetation cover change during the
2015/2016 drought and after drought (2016/2017).
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Figure 3.9: Summary regression plots of altitude versus vegetation cover during 2015/2016
drought.
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Figure 3.10: Summary regression plots of altitude versus vegetation cover during 2016/2017.

3.4.6 The influence of heavy stocking on the vegetation response during drought
and the recovery of vegetation after drought.

From Figure 3.11, the grazing effect on vegetation cover during the 2015/2016 drought was
not significant (F= 2.017, P=0.215). Only 29% of the variation in the data was explained by
the model, which implies that the model was not strong (R*= 0.29). Likewise, there was no
significant effect of stocking rates on vegetation cover after the drought year (F=3.997,
P=0.102), and 44% (R?=0.44) of the variation in the data was explained by the model. Based
on the normal Q-Q plots from both figures (Figures 3.12 and 3.13); the data did not follow a
normal distribution. There were rather several influential observations (outliers beyond
Cook’s distance) on the residuals vs. leverages plots, which greatly influenced both
regression lines. There regression line however, showed that areas with big NDVI difference
were relatively overstocked (Mafeteng, Berea and Maseru respectively) while those with
relatively small NDVI difference were less stocked during drought (Thaba-Tseka and

Mokhotlong). In contrary, after drought, areas with small difference in NDVI were
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intensively stocked (Berea, Leribe, Mafeteng and Maseru) while districts with large
difference in NDVI were less stocked (Butha-Buthe, Thaba-Tseka and Mokhotlong).
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Figure 3.11: The relationship between stocking rates and vegetation cover change during the
2015/2016 drought and after drought (2016/2017).
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Figure 3.12: Summary regression plots of stocking rates versus vegetation cover during
2015/2016 drought.
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Figure 3.13: Summary regression plots of stocking rates versus vegetation cover after
drought (2016/2017).

3.4.7 Does elevation have any effect on stocking densities in Lesotho?

Since both altitude and stocking rates showed similar patterns in their regression analyses
against NDVI difference, these variables were plotted against each other to determine their
relationship. A highly significant relationship was identified between these two (F= 8.726,
P=0.032). In addition, 64 % of data variation was explained by the model, an indication that
the model was indeed good (R*= 0.64) (Figure 3.14). Although the normal Q-Q and the
residuals vs. leverages plots show that the data did not follow a normal distribution but had
some influential outliers (Figure 3.15), low altitude areas were generally heavily overstocked
while high altitude areas were relatively less overstocked. This makes it difficult to assess

what the main driver of drought impacts was: altitude or stocking density.
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3.5 Discussion

3.5.1 Vegetation conditions and changes in different regions

A number of factors influence regional differences in vegetation cover. As mentioned earlier,
grazing intensity and rainfall variability are the two important determinants of structure and
composition of grasslands communities (O’ Connor, 1993). They both affect forage
production in semi-arid rangelands (Fang et al.,, 2014), although rainfall has more
pronounced impacts than grazing (O’Connor, 1994). In this study, in addition to the effects
of stocking rates and drought on vegetation cover, the topographical influence was also
investigated.

3.5.2 Temporal and spatial patterns of livestock and stocking rates

It was observed that livestock populations declined over years, even though the short time
period of data available made it difficult to assess whether this was a general trend. Although
the populations increased sharply initially (between 2009/2010 and 2011/2012), there was a
significant decrease between 2011/2012 and 2012/2013 and a further decrease in 2015/2016.
The decline in livestock population after 2011/2012 could have been triggered by the
extensive seasonal drought which occurred in 2011/2012 (Chapter 2, Figure 2.7). The
situation might have further intensified in 2015/2016 due to the severe 2015/2016 droughts
experienced, hence the further decrease in livestock. Nonetheless, based on the recommended
carrying capacity of 8 hectares per animal unit (AU) by the Ministry of Forestry and Land
Reclamation (MFLR, 2014), the results from this study support the suggestion that Lesotho

rangelands are generally overstocked.

It can be inferred that lowlands region was heavily stocked, with the rates ranging from 0.3
LSU/ha to 0.5 LSU/ha, whereby Berea district was significantly over-stocked over the years
under study, while the highlands region was relatively less stocked, despite the region being
characterized by high livestock numbers. This hypothesis was statistically verified by the

regression analysis. Such a finding might be ascribed to the fact that lowlands occupy a
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smaller area than the highlands, with fewer rangelands available (Taele et al., 2007). Besides,
low altitude areas of Lesotho are densely populated, as industrialization is confined to this

region, as mentioned earlier.

3.5.3 Interannual variability in vegetation greenness in Lesotho

The overall results from Chapters 2 and 3 show a strong relationship between vegetation
cover and rainfall variability. Some years were characterized by significant decline in
vegetation cover, whereas with other years, vegetation cover improved. The declines were
strongly associated with the occurrence of two serious droughts — but notably lowered
vegetation cover persisted well after the droughts had broken (Chapter 2, Figures 2.6 and 2.7;
and chapter 3, Figure 3.6). Vegetation declines in rangelands during droughts have been
widely reported in southern Africa region (Danckwerts and Stuart-Hill, 1988; O’Connor,
1993; 1994; O’Connor and Roux, 1995; Rothauge, 2000; Archer, 2004), as well as other parts
of the world (Heitschmidt et al., 2005; Macon et al., 2016). As vegetation declines, this may
lead to moderately stocked rangelands being heavily stocked during droughts, depending on

how much livestock death occurs (Thurow and Taylor, 1999).

Over the entire 17 year period, the interannual variability in rainfall shown in Chapter 2
resulted in interannual variability in vegetation greenness. Overall, the vegetation greenness
was influenced by the occurrence of summer drought than annual drought, which is
understandable in this seasonal system. Accordingly, a small drought in 2003/2004 which
affected vegetation in 2004/2005 can be identified, as well as the more extreme drought
which clearly started to affect vegetation in 2014/2015 as well as in the main drought year of
2015/2016. In both instances the below-average vegetation greenness remained for at least a
year after the drought broke, indicating a lag effect in the recovery of the grasslands. Low
altitude rangelands were more affected during the 2015/2016 drought than the high altitude
areas. However, after drought, a slower vegetation recovery was observed in the mountain

region than in the lowlands.
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3.5.4 Did stocking rates affect drought response in Lesotho?

A key finding of this study was that no significant relationship between the stocking rates and
vegetation cover change was identified during the 2015/2016 drought year, and after drought.
Even though the lowlands region was heavily stocked, especially the northern to central
lowlands compared to the highlands, the influence of stocking rates on vegetation cover in
this zone was not detected. A pronounced decline in vegetation in the whole country was
rather more influenced by poor rainfall than the stocking rates.

Using only annual stocking rates, precipitation and NDVI averages to determine changes in
vegetation was clearly not a perfect predictor in this study, since the seasonal impacts on
perennial grasses were ignored. Without doubt, rainfall variability had stronger influence on
vegetation cover change, while grazing impacts in the time period under study perhaps had
less of an influence. The dominance of rainfall variability over grazing impacts is consistent
with several previous studies (O’Connor and Roux, 1995; Ruppert et al., 2015; Bodner and
Robles, 2017), even though certain studies have showed that intensive grazing during
droughts aggravates droughts impacts on vegetation (Fynn and O’Connor ,2000; Ruppert et
al., 2015).

According to O’Connor (1994), in rangelands dominated by perennial grasses, high grazing
intensities can increase the mortality of grass tussocks during droughts, thereby hindering the
establishment of seedlings after droughts, consequently delaying grassland recovery (Bodner
and Robles, 2017). In their study, Fynn and O’Connor (2000) found out that intensive grazing
during droughts induced substantial declines in perennial grass species such as Themeda
triandra. This implies that sustainability in rangelands should be prioritized through
improved livestock management, by ensuring that grazing pressure is maintained at moderate
level (Liao and Clark, 2018). Some studies propose the adjustment of stocking rates
depending on the existing condition of the grazing land as one of the alternative management

strategies for counteracting drought impacts (Diaz-Solis et al., 2009).
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3.5.5 Explaining regional differences in drought response

Certain studies not only attribute spatial changes in vegetation to climate but also to the
correlation between both climatic and topographic factors (Pinder et al., 1997; Carmel and
Kadmon, 1999). According to Pinder et al., 1997, all types of vegetation in different
elevation intervals are influenced by the topographic positions. In their studies, Pinder et al.,
(1997) and Carmel and Kadmon (1999) found a significant effect of topography on
vegetation structure. In this study however, there was no significant relationship identified
between the elevation and vegetation cover change, both during and after drought. In fact,
neither altitude nor stocking rates were good predictors of drought response or drought
recovery in different regions of Lesotho. However, they did show the same general trend,
which is that low altitudes areas were more overstocked than high altitude areas (Figure
3.14). The most overstocked, low altitude districts included Berea, Maseru, Leribe and
Mafeteng whereas Butha-Buthe, Thaba-Tseka and Mokhotlong districts (in that order),
located at the higher altitude were relatively less overstocked.

3.5.6 Did stocking rates affect drought recovery in Lesotho?

From the study, it was discovered that 2003/2004 drought had more effect on the vegetation
productivity in the following year (2004/2005) than in the drought year, and the landscape
took two years to recover from this moderate drought back to average greenness in
2007/2008. Mild droughts can have surprisingly large socio-economic and ecological impacts
(\Vetter, 2009). It is therefore, not surprising that there was very little recovery one year after
a more severe drought in 2015/2016. It is, however, surprising that this recovery was not
correlated with stocking densities on vegetation. Generally, both grasslands (high and low
altitude grasslands) responded negatively to droughts, although most highlands areas
recovered relatively slowly. This could possibly be related to colder temperatures and shorter
growing seasons in the higher altitude areas. Such a finding might suggest that Lesotho

rangelands are largely not resilient to perturbations.
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It is possible that I did not find a relationship with livestock density and drought recovery
because one year after the drought is too short to monitor vegetation recovery. To test this |
would need to find locations with similar rainfall or vegetation that were not grazed by
livestock and see whether they showed substantial recovery one year after the drought.
According to Petersen (2004), management in communally owned rangelands is relatively
different from the privately owned rangelands. Communal rangelands are heavily and
continuously grazed while the private rangelands are moderately and rotationally grazed. It is
therefore likely that there was no significant difference of climate and grazing impacts on
rangelands from different agro-ecological zones mainly because Lesotho rangelands are
generally communal. So far less than 1 % of these lands are protected (UNDP-GEF, 2011).
Had there been private rangelands from these regions to compare their impacts with
communal rangelands, it is likely that the study could have identified different results.

3.6 Conclusions and recommendations

It may be concluded that drought significantly influenced vegetation cover in Lesotho, while
the grazing regime was of less importance in the periods under study using the methods
detailed here. Similarly, previously affected grasslands recovered slowly, and their resilience
was entirely dependent on drought intensity. While droughts are common in the country, it is
inevitable that their serial multiyear occurrences impact both ecological and economic
development. Such a finding shows a clear need for policy makers, rangeland managers and
livestock farmers to go beyond drought reactive strategies, and to look for long term adaptive
interventions. They must be aware that reducing grazing pressure in rangelands before (if
possible), during and after intensive droughts is critical for vegetation recovery. Equally
important, supplementary feeding could help reduce the grazing pressure in rangelands and

give them some periodic rests.

Even though the impacts of grazing intensities during droughts could not be detected in this
study, it is suggested that they could have been more apparent if we had had a lower stocking
density area to compare it with. All the districts studied were well above the recommended
carrying capacity, so it was not possible to study drought impacts and vegetation recovery

without grazing. Since Lesotho rangelands are generally communal, it would therefore be
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useful to include data from the adjacent South African provincial and national parks, so as to
compare the impacts of grazing on communally overgrazed lands and their rate of recovery as
opposed to the private rangelands, which usually have lower stocking densities. For a better
understanding, research on the interactive impacts of grazing intensity and rainfall variability
on vegetation cover in semi-arid rangelands should therefore involve long-term data sets,
particularly in countries such as Lesotho, where knowledge gaps in rangelands and climate

are of critical importance.
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Chapter 4: General Conclusions and Recommendations

4.1 Interactive impacts of droughts and grazing on rangelands of Lesotho

This study has analyzed changes in vegetation under the changing climate, grazing intensity
and vegetation recovery of Lesotho rangelands. Owing to the evidence observed in this study,
Lesotho grasslands are indeed likely to be impacted by a changing climate. The study
confirms that rainfall variability controls primary production. Recurrent droughts imposed
detrimental effects on rangelands, consequently affecting livestock production. Such a
finding calls for effective response, based on the best available science, to prevent further
economic and ecological loss. However, the intensity of drought was not always
proportionally correlated with its impacts on vegetation. Even a quite moderate drought can
have a big effect on vegetation production (Vetter, 2009), especially under grazing (Gamoun
et al., 2016).

Although the effects of heavy stocking on vegetation cover during drought could not be
detected, it is still thought that overstocking suppresses vegetation in the rangelands of
Lesotho. A long-term study of intensive grazing may have perhaps indicated a significant
impact on vegetation. Grazing areas in Lesotho are generally recognized to be overstocked
(MFLR, 2014). From the factors considered in this study, it may be concluded that Lesotho
rangelands productivity is challenged by a range of factors- thus, providing a robust and
understandable scientific evidence base for improved rangelands management is critical.
Such an approach would be valuable, since decisions made on grazing management and
stocking rates during droughts do not only affect the current condition, but also influence the

rate of rangelands recovery after droughts (Hart and Carpenter, 2005).

In spite of certain studies considering drought as an opportunity in terms of reducing
competition from mature plants, thereby creating conducive conditions for the establishment
of seedlings (Vetter, 2009); this was not found to be the case in this study. Vegetation took a
long time to recover during good rains after the intensive drought. Based on the impacts of
the moderate drought in 2003/2004, which took a landscape two years to recover back to an
average state, it is possible that the impacts of the severe drought in 2015/2016 will be felt for

at least another three years. Such an extended effect could impose more impacts on livestock
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production in the country, which would threaten the livelihoods of rural communities further.
According to UNDP-GEF (2011), rural communities in Lesotho, particularly in the mountain
zones are struggling to adapt to the changing climate. It is, however, assumed that drought
impacts could not have been as severe, provided the country was readily prepared for such
situations and handled them better when they eventually occurred.

4.2 Proposed mitigation and adaptation strategies

Due to the recurrent nature of droughts in arid and semi-arid rangelands, a range of
alternative mitigation and adaptation strategies can be considered by policy makers, land
managers and farmers to improve the rangelands ecosystem resilience and cope with
droughts. Most importantly, reduction of stocking rates constitutes a primary approach to
cope with droughts in rangelands. Heavily stocked rangelands are more likely to be impacted
than those that are lightly stocked under drought conditions (Smart, 2005). De-stocking
minimizes the chances of excessive grazing during dry periods, while it also allows
vegetation to recover more rapidly when rains come. In addition, proper rangeland
management could help in both soil and water conservation (MDAT, 2016). In areas where
droughts are common, Hart and Carpenter (2005) recommend the breeding stock to be
maintained at 50-70 % of the overall land carrying capacity. The herd size can be reduced
once drought is detected. Less productive stock can be sold while the breeding herd is
protected so that after drought recovery, re-stocking can be easily accomplished (Finch et al.,
2016). This aids in balancing livestock numbers and forage supply. From economic
perspective, it would be more considerate if animals are sold before they could lose excessive
weight. Besides, young animals be weaned at an early age and be sold. By so doing, this
could reduce nutrient requirement as well as forage demand since lactating animals eat more

than dry animals (Howery, 2016).

Additionally, time, frequency and the intensity of grazing in the rangelands plays a critical
role. According to Finch et al., (2016), the timing of rangelands grazing is very influential on
the rate of recovery after the dry period. Heavily grazed pastures experience more forage
reduction than moderately to lightly grazed lands. In the same way, plants that are repeatedly

grazed have little or no chance to re-grow and thus become stressed. Equally, during certain
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times of their growth cycle, plants become more vulnerable to grazing. For instance, most
perennial grasses are highly sensitive to grazing during the late boot stage to the early
heading period (Howery, 2016). It is therefore crucial to select appropriate grazing
management systems such as rotational grazing and proper stocking rates, and to adapt them
when drought is predicted. The proposed systems should promote rangeland stability — that
is, they must consider among other factors, vegetation type of that particular area, topography
as well as the decision makers’ management goals of such rangelands. Such systems should
be intended to provide periodic rests on grazed animals- while reserving ungrazed areas
which could be used in times of drought emergencies. This could facilitate more rapid
recovery of the rangelands after droughts.

Apart from the application of flexible and conservative stocking rates, supplementary feeding
can be another drought adaptation technique (where available). Supplementary feeding
reduces the grazing pressure on rangelands during dry periods in a sense that these lands are
given some rest period. Although regulations should ensure that supplementary feeding
doesn’t end up increasing stocking rates. The conservative use of supplemental forage while
sustainably managing livestock production is a key drought adaptation measure. Finally,
farmers can select drought adaptive breeds. Some breeds are more resistant to droughts than

others. Selection of drought resistant breeds can thus aid in drought adaptation.

In conclusion, notwithstanding the above mentioned proposed strategies, for effective
mitigation, adaptation and recovery of rangelands from droughts, cautious, advanced and,
most of all, informed planning is critical. Such planning allows decision makers and range
managers to consider a numbers of alternative strategies and make decisions in time. Being
readily prepared for the “next” drought minimizes adverse drought impacts whereas delayed
decision making may result in drought intensification, long-term damage of rangelands
resources and ultimately, the economic loss (Howery, 2016). It should therefore be a primary
goal to protect rangelands prior to, during and after droughts so as to avoid disastrous

situations.

As mentioned previously, there is a crucial need for governments, land managers and

communities to be well informed on climate change and its impacts globally. People must
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understand that climate change impacts might be profound in the future; hence they should be
prepared for such situations. Since poor communities are more vulnerable to the impacts, if
the governments are well informed, they will, with strategic support, be able to appropriately

assist, and create an enabling environment for adaptation.

Moreover, if communities are aware of the prevailing factors that affect livestock during the
extreme weather events, they may consider, with appropriate support, alternative options for
survival. Preparedness and adaptation is crucial for the livestock farmers since, for example,
they will be more informed on the more resistant livestock species to droughts that they could
choose, for adaptation. Since, as mentioned earlier, there is evidence that in the future,
droughts will impose continuous challenges to the users of rangelands (Vetter, 2009), this
requires more research on the ecological perspective, so as to understand the influence of
other drivers as well as the response of these rangelands to droughts so that adequate
mitigation strategies could be developed to address these challenges — particularly in a
country such as Lesotho, where knowledge gaps in this area persist. For example, a critical
finding could be for the development of a livestock early warning system, and a livestock
monitoring system to support this area — both underpinned by robust and consistently updated

scientific evidence.

4.3 Limitations of study

It should be noted that this study relied exclusively on secondary data, which posed a number
of challenges. The major obstacle encountered was having access to the relevant data.
Unfortunately, all the three sets of data (rainfall, livestock and NDVI) were limited. As a
result, this limited the scope of analysis in both data chapters, as certain of the districts were
not covered, although the study was intended to cover the entire country of Lesotho. For
instance, for rainfall data, not all the districts were covered from the information provided.
Further, there was a significant amount of rainfall gaps for the given weather stations; hence a
rainfall gap filling method had to be used. In addition, only a few years of information for
livestock populations were available, although a series of years would have been more
helpful to identify trends in the stocking rates under different climate conditions. A future

study should include NDVI data from just outside the border of Lesotho, in the less heavily
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stocked provincial and national parks in South Africa, for a better comparison of the effects
of stocking rates on vegetation during drought.

Furthermore, it took more time than anticipated to complete the study, due to delayed
required data. Although data collection was scheduled for a month, it took longer to obtain
information, especially the rainfall data. The struggle to have access to the required
information thus impeded progress. Moreover, limited resources in Lesotho, such as scholarly
papers on climate and vegetation cover change, made it difficult to compare and contrast this
study with the previous findings. The existing information has gaps and also, is not well
documented, thus making studies on vegetation and climate changes of Lesotho indeed
challenging. Consequently, this study had to be supported with information from
neighbouring countries in the SADC region.

4.4 Recommendations

Research on climate variability coupled with stocking management, and their influence on
vegetation cover is crucial in Lesotho, since increased climatic variation is anticipated. There
is, therefore, a clear need for researchers and governments to conduct and publish a series of
papers, policy briefs on this topic; and to further use such scientific evidence to develop a
locally specific long term monitoring system for stocking management and vegetation
changes detected over years, as climate varies. Long term studies could be flexible enough to
capture all the processes in rangelands and detect how resilient these lands are to both the
climatic and anthropogenic pressures. If more studies could be directed to livestock and
vegetation, this could support the government, land managers and scientists in developing
integrated ideas on how to sustainably manage livestock production and resources in the

coming decades when climate continues to change.

Based on the study and the other previous studies, it is clear that Lesotho’s vegetation is
significantly impacted by climate variability, along with the anthropogenic activities.

Droughts are expected to further impose challenges to rangeland users in future (Vetter,
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2009). It is suggested that issues surrounding land management be prioritized, and policies
and laws be enforced to prevent further vegetation loss. Protection of natural vegetation areas
could be a most cost-effective way of minimizing vegetation loss and rangeland degradation.
So far there are still very few areas where natural vegetation is protected in Lesotho.
Additionally, there are no strict rules enforcing proper grazing management (such as the
recommended stocking rates) on communal rangelands. It is therefore necessary that
rangelands be given rest, more specially periods after droughts and intensive grazing. In
addition, stocking rates should be periodically reviewed so as to accommodate any shifts in

environmental or land resources.

Finally, it is acknowledged that precipitation is not the only biophysical factor that influences
vegetation cover change, but other factors such as soil quality and temperature play a role. A
clear understanding of all significant factors that influence vegetation change can only be
achieved through long-term field studies. For example, spatial, geology, soil, temperature
data should be available to include in analyses. It is thus essential for more studies to be
directed to the influence of other biophysical factors, such that a comprehensive mitigation
strategy which incorporates all factors can be proposed. There should be initiatives by the
Ministries responsible for monitoring rangelands to ensure that long-term vegetation data in
collected and documented with the strategic aim of clearly understanding variability and

changes in vegetation over time.
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Appendix

Table 1: Proportion of rainfall missing days in Lesotho weather stations

No. of
Station name days July | August | September | October | November | December | January | February | March | April | May | June | Average
Phuthiatsana Missing 153 | 124 171 155 242 157 73 118 63 168 155 152
(Berea district) Expected 744 | 744 720 651 720 744 744 672 744 720 744 720
Proportion | 0.21 | 0.17 0.24 0.24 0.34 0.21 0.10 0.18 0.08 0.23 | 0.21 | 0.21 | 0.20
Butha-Buthe Missing 217 | 186 211 186 181 216 124 127 124 150 158 150
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.22 | 0.19 0.22 0.19 0.19 0.22 0.13 0.14 0.13 0.16 | 0.16 | 0.16 | 0.18
Oxbow Missing 189 | 157 131 149 165 139 118 185 98 97 73 80
(Butha-Buthe
district) Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.19 | 0.16 0.14 0.15 0.17 0.14 0.12 0.21 0.1 0.1 0.07 | 0.08 | 0.14
Mafeteng Missing 31 32 74 50 62 64 31 13 1 4 63 40
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.03 | 0.03 0.08 0.05 0.06 0.06 0.03 0.01 0 0 0.06 | 0.04 | 0.04
Mejametalana Missing 62 34 65 69 30 4 0 24 2 3 1 8
(Maseru district) Expected 930 | 930 900 930 900 930 930 840 930 900 930 | 900
Proportion | 0.07 | 0.04 0.07 0.07 0.03 0 0 0.03 0 0 0 0.01 | 0.03
Mohale's Hoek Missing 93 140 135 124 165 176 124 140 171 121 124 | 164
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.09 | 0.14 0.14 0.13 0.17 0.18 0.13 0.16 0.17 0.13 | 0.13 | 0.17 | 0.15
Mokhotlong Missing 39 62 100 31 95 63 31 100 66 30 31 60
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.04 | 0.06 0.1 0.03 0.1 0.06 0.03 0.11 0.07 0.03 | 0.03 | 0.06 | 0.06
Qacha's Nek Missing 32 40 46 80 62 87 18 11 16 70 2 1
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.03 | 0.04 0.05 0.08 0.06 0.09 0.02 0.01 0.02 0.07 | 0.00 | 0.00 | 0.04

90




Semonkong Missing 31 93 91 92 122 93 31 63 62 60 31 30

(Maseru district) Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.03 | 0.09 0.09 0.09 0.13 0.09 0.03 0.07 0.06 0.06 | 0.03 | 0.03 | 0.07

Moshoeshoe 1 Missing 134 | 126 153 132 136 151 0 80 111 121 98 94

(Maseru district) Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.14 | 0.13 0.16 0.13 0.14 0.15 0.00 0.09 0.11 0.13 | 0.10 | 0.10 | 0.11

Thaba-Tseka Missing 72 62 120 73 74 93 51 54 31 63 73 71
Expected 992 | 992 960 992 960 992 992 896 992 960 992 | 960
Proportion | 0.07 | 0.06 0.13 0.07 0.08 0.09 0.05 0.06 0.03 0.07 | 0.07 | 0.07 | 0.07
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